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Abstract 

Potential  flow models are developed for a submerged body of 

revolution with fin and rudder appendages. 

Forces and moments on the lifting surfaces and hull have been 

predicted   at a  steady angle of attack.    The procedure is extended to 

the time dependent angle of attack case.    Experimental,   analytical and 

numerical approaches are described. 
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Introduction 

The primary aim of the work presented in this  report is to add 

insight  into dynamic interaction effei'ts experienced by high speed 

submarines.    The dramatic- advances in submarine design since the 

second World War have been in the direction of higher speed,   larger 

si/.e and endurance,   but depth  capability,   expressed  in boat  lengths 

or  seconds has  not  increased proportionally.    As a  result,   submarine control 

design,   particularly for vertical plane motions and  i oupling between 

maneuvering control in the horizontal plane and response in the vertical 

plane has become of great importance.    Its importance will urdoubtably 

increase as  submarine  Lechnology  develops. 

As a resuU of the demands on submarine control capability, 

understanding of the hydrodynamic forces acting on the boat has assumed 

greater importance and effects which were considered negligible or merely 

aggravating at low speed may be crucial at high speed. 

The usual approach to solving problems in marine vehicle dynamics is  to 

express the forces acting on the vehicle due to its motion as  functions of 

its velocity and time derivatives of velocity.    Such an approach is extremely 

useful since it lends itself conveniently to linearization about discrete 

operating points  of interest and usually higher order derivative terms are 

of diminishing importance. 

There are,   however,   disadvantages to this general approach. 

When the vehicle alters its  environment in such a manner that the forces 

and moments acting upon it are dependent on its  motion history over a 

significant time span,   higher time derivatives become more important and 

the  coefficients of these time derivatives become difficult to predict by 

theoretical or experimental techniques. 

An example of such an effect on the vehicle environment is the 

trailing vortex system of a submarine  sail.    The relative location and strength 

of this vortex system depends  on the circulation history of the sail,   the 

^.■*^i^U*>i^-W!!äaiH!lHä^ 
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motion of the  vortex sheet,   and the trajectory and orientation of 

the vehicle.     The vortex sheet has an effect  on the hull   ^nd   rudder  forces 

which  is   strongly dependent  on the   relative  location   of the trailing  sheet. 

Theiefore the  forces on the vehicle are dependent not only on its present 

velocity and  acceleration,   but  on  its  motion history.     To express this 

effect within the traditional  framework demands enough higher time 

derivatives  of the motion to  recreate the  vehicle history between the time 

the  circulation formed on the sail to when it ceases to effect the rudder. 

There is  of course no guarantee that higher derivatives will be of monotonically 

diminishing importance. 

The approach taken in this work is to consider the hydrodynamic 

forces acting on the vehicle directly as a function of its motion history.     The 

interactions between vortex sheets,   hull,   and  rudder arc derived directly 

from the geometry.    This implies that for  simulation work the motion history 

of vehicle and vortex sheets must be stored as the alternative to employing 

a  large number of time derivatives. 

The thrust of this effort is to develop techniques  for evaluating hydrodynamic 

restoring forces in a history dependent situation.    Various techniques have 

been employed,   but the most promising for further pursuit seems to oe 

a  slender body approximation for the hull with singularity distribution 

models for the lifting surfaces.    In both the  slender body and lifting surface 

calculations,   rough approximations and widely spaced grids are used. 

The purpose of the authors was to develop techniques and evaluate 

the importance of effects not normally taken into account.    Therefore little 

effort has been invested in refining numerical results.    The   difference between 

results including and not including interactions is the point of interest,     If 

the techniques  investigated are to be used  for simulation or prediction of 

submarine motions,  the numerical procedures described require considerable 

refinement. 

".    ) 

 ■: '■■ ■:        ■ ■ i -^ !  

J,: „T^-  



■■   ■ ■■ •   ■ 

The total effort divides into several  logical parts.    First an 

experimental  study was  conducted in the MIT variable pressure water 

tunnel of a sma1l submarine model with various fin configurations.    Forces 

and moments were measured at various angles of attack.    Of greatest 

importance in the experimental  study,   however, were the visual  results. 

The facility used has the great advantage of plexiglass walls and  control 

of ambient pressure.    By lowering the tunnel pressure,   cavitation bubbles 

can be induced in the trailing vortex system from the sail so that its 

trajectory may be observed.    In addition tufts may be attached to the 

hull and fins to observe flow patterns around the model. 

These studies are reported by Luckard (1) under separate cover. 

An analytical approach to the  interaction problem was pursued by 

Newman a'id Rodriugez making slender body and low-aspect ratio assumptions 

and linearizing the problem.    This approach is described by Newman and 

Wu i 2). 

The bulk of the work was devoted to numerical approaches to 

representation of the hvdrodynamics  problems.    The approach assumes that 

the hull  is  slender and a body of revolution but includes  finite aspect  ratio 

lifting surfaces.    The boundary value problems are approximately solved with 

d:screte  singularity distribution representations of hull,   lifting  surfaces and 

rotational wake. 

Experimental Approach 

The  single greatest question at the initiation of this work was 

where the trailing vortex wakf  from the sail went.    To obtain linear 

approximations to the hull forces as a function of sideslip angle it is 

necessary to assume that the vortex sheet trajectory is not dependent on 

angle of attack.     For small  sideslip angles the trailing vortex sheet from 

the sail is assumed to remain in the plane of the rudder axis and longitudinal 

... -   ta m 'mm   .. ,* - „,., ifiii-iiiHiffilfniniiiimi-MMiitu-""" 
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i'iMit r rl i n ,■.     In th.is  location the  sa  1 Wrike has maximum c-ffect on rudder 

lift.    If in practice the sail wake does not pass close to the rudder,   this 

effect will be appreciably  reduced.    The path of this trailing vortex sheet 

is   infh onceel by  its  own incluccu  velocities  as  weil as the  free  stream 

and the vehicle boundaries.    Approximations rray be made on the basis  of 

lifting line theory a.Td singularity distributions fcr the trajectory,   but the 

tendency of the sheet to  roll up makes  such computation questionable. 

For this  reason photography of actual vortex sheet paths at steady 

angles of attack was valuable input to the modeling. 

The model used for the experimental and numerical work is two 

foot  long     submarine like ' body of revolution equipped with removable 

fairwater and upper and lower fins  for testing in the MIT  variable pressure 

water tunnel.   Perhaps the most important result of this experimental 

and analytical effort is that,   at small angles of attack,   the lift on the rudder 

behind the  sail is    oversed from that predicted if the wake of the  fairwater 

is  ignored.    This is of importance primarily to directional stability pre- 

dictions  of submarine type hulls.    The effect of the rudder is destabilizing 

rather than stabilizing due to i+s interaction with the fairwater wake.    The 

most recent work on the unsteady hydrodynamics problem comprises the 

technical content of this   report since the experimental and  steady numerical 

approaches are included in the report by Luckard (1).     Comparisons  of 

results for the steady case with the Newman and Wu (2) analytical 

results are also presented by Luckard  (1). 

The part of this project that is probably of most general interest is 

the approach taken to numerical solutions of the forces on fairwater, hull, 

and  rudder due to a sudden change in angle of attack. 
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II. The Response of a Submarine Sail to a Sudden Change iu 
SI ides lip Angle 

A.       Unsteady Lifting Surface Theory 

The transient buildup of lift and moment on ar initially unloaded 

'ifting surface that has undergone a sudden change in angle of attack 

is a direct  result of the physical  fact that a finite time is  required for the 

trailing vortex sheet of the lifting  surface to attain its  steady state 

configuration.    At the instant that the  surface's orientation to the flow is 

changed,   all  vorticity is  confined to the  surface itself.    As the surface 

moves  forward in its new orientation,   vorticity is shed from the surface 

into the external  flow.       Eventually,  the lifting surface reaches a steady 

state condition in which the wake has attained  its familiar "trailing vortex 

sheet" st ruci.ure, except for regions of the wake that can be considered to be 

an infinite distance from the lifting surface. 

Using a distribution of dipoles to represent the lifting surface 

and its wake at a given instant of time,   the    •   component of velocity is given by 

the following expression:   (Derivation is in Appendix A) 

[T\A) üCx^a^ji^- i ii 3*tW)|  I      .   > /I ^ fry) hU 

■u*u 

where T is the local dipole   sheet   strength,   its  second mixed derivative 

express! ig the local strength of the rel ated point-horseshoe vortex sheet. 

Applying the boundary condition that there is no flow normal to the lifting 

surface boundary at l»0 one obtains: 
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The integral over the wake has been written in this  manner to 

allow the option of placing the wake in a plane other than /.  -   0.    Equation 

(II. 2) is the mathematical statement of the  relationship between the known 

boundary conditions for the lifting surface and the unknown singularity- 

distribution representing the lifting surface and its wake. 

The irrotationality condition on the flow external to the lifting surface 

and its wake generates an important   relationship between the distribution of 

vorticity in the wake and the history of the total vorticity bound to the lifting 

surface.    Consider a two dimensional section of the wing-wake flow.    In order 

for the value of  Aj (the local dipole sheet strength) to be single valued at the 

trailing edge of the lifting surface: 

-> Cv ^T = e)Y.clT *§•* = €)v • A 

Ci 

Since 

Ylyic Il.i 

is the total vorticity strength enclosed by the 

(4 contour and,   hence,   the total bound vorticity on the wing at the moment 

of interest,   this relationship states that the total amount of vorticity shed 

into the wake equals the negative of the present amount of vorticity bound 

to the lifting  surface.    Consider this process of bound vorticity increase and 

shedding of vorticity into the wake: 

iiftiivmtMrf^'"-^-^^ 
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If,   at   any section,   the total amount of bound vorticity increases 

by a\»» in dt   imount of time,   then an amount of circulation equal to 

V*."U"«<ft    must have been shed into the wake such that. 

■ i hz ^2.     (Jl.^) 

Now 

WOW 
3' 

IwftM 

(JI.S) 

Substituting into (II. 2),   the boundary value integral equation becomes: 
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Hence,   the integral over the wake has been  reduced to a  convolution 

integral  involving (known) previous  values of the total bound circulation 

at  each  section of the  lifting  surface. 

In order te calculate the forces and moments on the lifting surface 

a;-  a  function of distance traveled,   it  :s  necessary to consider the time- 

dependent form of the Bemowlli equation. 

where  O   and CO denote points  on a streamline 

Applying this equation to points on the upper and lower surfaces of a 

lifting  surface section with a  steady,   uniform  free stream one obtains; 

lo,. (O ^o t « 1 ( 6$00) * Ahm * ^[^^ +^W] 

This expression can also be written: 
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^/p      is thon intef<rat(>rl in the usual  rra.nner to yield the tcnal  force 

anc' moment on the iifting surface. 

Although a  complete  solution of the problem of the transient  response 

of a lifting surface  requires a  solution of equation (II.6),   some important 

trends ca .1 De deduced by considering the startin-- instant and steady 

state solutions  of equation (11,6),     For a  flat,   rectangular wing of unit 

half chord with a   planar   wake,   equation (11.61  reduces to- 

(H.M of 1 
.ffc/i 

111 I^^^AKJL u*. 
n 7s 

Ut^) 
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It has been shown by Vagner (^ ) that in the two dimensional    [K.*'*} 

limits of the above equations the starting problem is  satisfied by a 

vorticitv mode of tV   functional  form: 

TjWi -X 
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BaM^^^^^^A r-^M^^ ■>...... J.^.^A^ii^^i.>^^^^w^i^ yaMl 



PitWMWPWIW^^ 

The resul' for the  steady two-din ■ nsional last- from classical 

thin airfoil theory    s: 

'if 1+x 

The sertional lift for the starting problerr. is.   Ref.   fl): 

and for the stf.-ady problem: 

CAOJ^TTO,.   IIJ.11)   ;  .-.     f^'7- 
For finite aspect ratio wings the presence of the trai';ng vortex 

wake and its associated  downwash causes a decrease in the ratio of the 

final and initial  lifts.    As the aspect   ratio of a finite wing is decreased, 

the wakt   makes an increasingly dominant  contribution to the boundary 

condition equation (II.6),   until  in the limit of zero aspect ratio,   the boundary 

condition is assumed to be  satisfied exclusively by the trailing vortex sheet. 

It  seems  reasonable that for  .sufficiently low aspect  ratio the starting 

lift may exceed the steady state lift due to the predominance of the trailing 

vortex sheet downwash in the steady case. 

A numerical study was  carried out to compare the starting and 

steady lifts of isolated  rectangular wings of various aspect     ratioes. 

The  integral  equation (II. 9) was  solved for the starting problem assuming a loading 

expansion of the form: 

9x       1-3 

-X 

fl'*-    l 3 i'M)       IJ.TJS) 
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i.e.   the chordwise modo  shape for the two-dimensional case multiplied 

by some spanwise distribution function'.   In the  steady case,   the loading 

i xpansion assumed was of the form: 

CK[x) 
mn) 

%i - 

and the   5i W) a re given by: 
0 

(E)» aiw-^ ("^) 

In all  cases,   the unknown coefficients  of the assumed loading modes 

were obtained by applying equation (II. 6) at 16 evenly distributed control 

points and finding a best-least-squares fit of the   ö i i to the (over determined) 

set of linear equations that  resulted.    The starting and steady forces were 

then calculated by integrating the sectional  forces given by equations  (11.13) 

and (11.14) across the span. 

The  resulting values of Cjsteady/Cj start are plotted below.    The 

results show that the starting and  steady lifts are approximately equal at an 

aspect  ratio of  2.    At an aspect   ratio of 1.   fa  typical  value  for the aspect 

ratio of a modern submarine  sail) the  starting lift exceeds  the  final  lift by 

roughly 2 5%.     Hence,   a significant quantitative difference between the forces 

calculated in the transient (step response) of a  low (*1) aspect  ratio wing 

and what would be predicted in a psuedo-steady analvsis  is already apparent. 
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B.      Inclicial      Response of a Submaiine Sail: 

1)    The Image System 

Since the sail is attached to what often can be considered a locally 

i yiindrical  surface fthe submarine hulll,   an image  system is  required to 

approximately satisfy the boundary condition of flow tangency to the hull. 

The theoretical basis for the image system used is given in Milne - 

Thompson (   5   ) and is  reviewed by Luckard f 1) for the particular case of 

a hull-sail combination.    Using Lucka rd's results for the calculation of 

the equivalent  span of the sail,   one obtaii s: 

4   (gsiNg-ttsi 
?.SL 

(J3.j9> 

fW*- (11.1) 

where RSL and RHS are given in terms  of half chords of the sail.    In 

addition to determining the equivalent span,   the presence of the hull  causes 

an increase  in the  in-flow velocity to the  sail  given by  (   I   )'. 

Hence,   the  local  angle of attack   seen at  a  control  point  (fe,^. ) on the  sai 

is  given by; 
t 

0^r U-p^^y 

'\u h + 
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2)     The Spanwise Leading Maries: 

The tangency  condition (on the hull  surface) also requires that 

the sheet of trailing vorticity have  zero strength at the hull  surface, 

i.e.   the discontinuity in the y perturbation velocity across the trailing 

vertex sheet must vanish at the hull-sail  junction.    This  requires that 

the  slopes  of the spa.iwise loading  functions assumed to sol v'e equation (II. 6] 

be zero at the hull-sail  junction.    To satisfy this  requirement,   spanwise 

loading modes of the forms given below were chosen: 

- Mi-1] > ^T0 
(ii.i*») 

^ 

3)     The Chordwise Loading Modes 

In addition to the  chordwise loading modes given by (11.17) a 

mode is   requ.red that can provide for a non-zero value  of vorticity at 

the t railing edge of the sail.    Since the starting mode giv^n by (II. 11) yields 

I,.: ,:,^...,..-,....-.„-i. ,'.•■,-..;       --■-.        ■ .       ^:,i*n.iiit^siJ^.miSi-*^...i.---.-. .■,... --..i- ,■..:...:■   ~     , ~.^ M :-■    -v. ^ JV-.  _, ^^^ ; . ..  . _ i^i^i^Sttim^   ,';^:::    v.". ^- li 
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a nearl     constant chordwise downwash for the aspect  ratio  range of 

interest,   a  special  mode was  constructed having the following 

functional form: 

Ox) (H.^) 

06)2.5    C ifjjfutiKi) 

The first term  represents the chordwise vorticity distribution given by 

(II. 11) where the singular trailing edge portion of the di stribution has been 

moved past the trailing edge of the chord by replacing X with      \~ITS'  ) 

The  second term is  subtracted in order to make the net circulation of 

the special mode equal to zero. 

Since equation (II. 4) relates the trailing edge value of vorticity 

to the total net vorticity bound to the lifting surface,   it is convenient to 

normalize the trailing edge value of vorticity for this chordwise mode by 

dividing through by Cft(l) 

CoU)= 
cv l - (S\ 

^'U- (,T^]V       TrU-%) 
(7T.Z1) 
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4)   The Wake 

The distribution of vorticity in the wake a.t any puint in time was 

assumed to have a y variation that  eould be described by the  spanwise 

modes  (11.19) and a piectwise  linear x \,ariatic)n.    The piecewise linear 

variation in x was  chosen since this  reduces the convolution integral 

representing the dowmvash of the wake in equation (II. 6) to a  simple 

matrix multiplication of a downwash influence matrix by the previous 

values of the total bound vorticity on the lifting  surface.    A piecewise 

linear distribution also has the advantage that the x integration of the 

second term of equation (11.6) can be carried out analytically. 

The trailing edge of the wake  for the    indicial      lift  case has a 

square-root singularity of vorticity strength in x.    Since th;s distribution 

can be comparatively troublesome to integrate numerically or otherwise, 

this portion of the wake was modeled      by a piecewise linear portion plus an 

impulse of vorticity at the trailing edge.    The relative values of the 

piecewise linear portion and the impulse were adjured to make the area« and 

centroids of thetwo distributions equal. 

-» w A 
j      I H I 

*E        1 J'l? 

A 
fwc [nz\ - UVWYoHuHu VK^. 
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5)     Step by Step Solution: 

At this point,   equation (II. 6) can be written as: 

1 ^1 iVt» tfr-T) dr 

3r.Djo + ^ 17 ^^^^^    lI:lz2) 
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where p is the local  sideslip angle;    DtJStMK ( XojUo )        is the sidewash 

at  control point (   ^0 > \\*       ) on the sail due to a vorticity cross  mode m 

chordvvisc -  n   spanwise.     1.^^.15)     is the coefficient of crossmode mn . 

''^tJX^ ^J**}yi«)T J       is the sidewash at  control point    (x.jUo ) on the sail due 

to a  spanwise strip of the   wake  vorticity distribution located a distance X 

from the trailing edge of the sail.   VW3OK.I iC>,M4}    is the   sidewash due to 

the special  chordwise mode given by (11.21).     This equation is to be solved for 

a discrete set of distances traveled s. 

Since the distribution of vorticity in the wake of the sail was assumed to be 

piccewise linear,   relationship (11.4) must be finiti:'.cd.     Consider the balance 

of wake and bound vorticity at a section of the sail during a finite interval 

of time with the asbumption that the vorticity of the wake is linear 

between x -   1 and x      14  1-1.    Relationship (II. 3) requires that: 

rM x-r^.^-id^^j 

t  - - ikid 
2. 

iL2-3 - W3   
[n'2:i) 

.. •.^^ii'i^u^ii^^^k4^i^'i^^*A^^'^^a^-^'^:^v>1 ̂■■.^.^^-ts***Mi*kS*i^ 
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With this   result,   (11.22) is  rewritten: 

where  DWTE is the  sidewash   dne to the wake trailing edge mode described 

in section IU-A.-H,   with spanwise variation n; and DWT   (x»,vlo K-H-)  is the 

sidewash due to a triangular distribution of vorticitv (figure II. 5) having 

its vertex located a distance   N'H    from the trailing edge of the1 sail with 

spanwise variation n. 

Moving all known quantities to the right hand side of the equation: 

H-i 

T 
(11.2^) 

Of the chordwise modes  chosen,   only the first mode rhordwise makes 

my contribution to   173^: 

Therefore,   the final form of (II. 6) is: 

2 "2 ^M.H)Dwsk.^i. iff^WNiilDus.a^U 
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1) 

2) 

3) 

4) 

5) 

6) 

7) 

In this form,  the solution procedure is  reduced to the following: 

Choose a set of control points, 

Construct (by numerical integration) the left hand-side of (11.27) 

in matrix form. 

Construct (by numerical integration) a table of    UU/T,». W>|M»^N• " i 

and D'oTCT^lXj.ij,, iN'M) for each spanwise    mode at each control point 

for a sequence of steps downstream. 

Construct the righi-hand side of (11.27) from previously calculated 

values of    0<4K_ the results  of step 3  ,   and numerical integrations 

to determine   Urjp«M.(Ko|Vio)   at the cont rol points. 3' 
Solve the  resulting (over-determined) system of equations by 

the method of least squares for the unknown values of   LIM.«. 'W' n ) 

Calculate the new values of    ötcH M by equation (11.23). 

Increase N by I and  return to step 4. 

Note that for the first time step,      Q£t becomes an unknown, 

and the equation (11.27) takes the form: 

<5 ^C^N'H^biAS^Ot.VU^ 

ß{^< l-n 

6)      Force anr1 Moment Calculations 

The sectional force and moment produced by each chordwise 

mode is  obtained by integrating (II. 8)   across the chord of the sail  section. 

Identifying the "unsteady"  part of   Ap     as ^hr-  f U-» *"   1 ^({1J^     term 

and the     steady    part as the   f U«o (Ttx)   term one obtains: 

^^.U^Mi^^^ iiiiini^Tiiim'aiiliiaiMiiilttiiii 
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M. 

where:  S.   F.   Henotes the unsteady sectional  force for the  same mode. 

Note that the total  sectional force for each mode is qiven by the local 

sectional  mode strength times the steady term plu1-- the  rate of change of 

the local sectional mode  strength with distance traveled times the unsteady 

term.    These sectional  forces and moments are then integrated (numerically) 

across  the span of the sail to yield the total side force,   yaw moment,   and 

roll moment on the lifting surface. 

.i.-..^,..-,t...-v .wiw.... .-.,■.....■.-   ^..^•^■.«^ä.^L-^..^.u^;J^..>^^ 
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III. ill - Wake  lute r.ictinn 

A. Wake  T ra lerto ry 

As a   result  of Kelvin's   vortex theorem,   the trailing vortices 

of the  sail wake must  follow the  streamlines of the flow  about the hull. 

The trailing  vortex emanating from the tip of the sail,   for example,   must 

follow the  streamline trajectory  shown below 

^ Tiö \tn-l*j( p<dk_ 

As a   rough approximation to the  so-called  wake  contraction trajectory, 

the wake was assumed to situate itself between the sail tip streamline 

and the hull  surface; at any station the vorticity distribution was assumed 

to have  stretcher! linearly. 

-t^ü) 

S^W® 

-TCX^O 

^>t«3hon 

1 "a 
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The  sail tip streamline trajectory is  calculated in a  step by 

step manner from the following  relationship: 

which states  that the local  streamline  slope is approximately equal to 

the local   radial velocity produced by the source distribution representing 

the hull,   divided by the free stream velocity. 

B. The Interaction Response of the Hull to a Step Change in 

Sail Ci rculation 

The simplest means of analyzing the unstcadyforces on the hull 

caused by the velocity field of the sail wake following a sudden change in 

sideslip angle is to consider th°  response of the hull to a  st^o change in 

sail circulation,   then use the superposition thee rem (convolution integral). 

In essence,   the wake produced during the indicial  response of the sail is 

considered to be constructed from the wakes due to an infinity of infinitesimal 

step changes in circulation. 

The distribution of vort'eity in the sail wake following a step change 

in sail  circulation is as  shown below: 

tiMit un>t) 

^^i^-^-.--..'...^...::.. ,.; --- -.-■.,..  it iaJfrM  -.^■-^•^^^^^^^-i^rtrt^^u^^-'A^r.^...^^;!....  ■    .. . ^^^j^ , .    ■■'■- • -.  i.- - -::.■■-■,.. ■ ■      ■■   .     ■ ■    :     ■i-'\.-:VL^ 



RfTT.;: 3^BiwigBi^WfttP'i'.Mi,^.^^wi,^^^ 

Z4 

The Woike   resembles a lifting line moA ing along the wake trajectory, 

its trailing vortices  lengthening at a  rate equal to the  free stream 

velocity.     For simplicity of calculation,   the trailing vortices were 

considered to be piecewise straight as  shown in Figure III. 4.     This 

simplification should introduce little error  since  submarine hulls are 

typically very slender bodies  (having uniformly  small  slope and curvature). 

Applying '.he law of Biot-Savart to a   segment of the trailing vortex sheet 

one obtains for the side wash velocity at the hull centerline: 

» ? 

UB-M Y»i*ju - :r- 

o 

 ^w^*^itt^.vm^^ 



Where   zn is  the norma' distance from the trailing vortex sheet 

(whirh may lie in a plane other than   z      0) to the point   xn,    y   • 

hi** 

Applying  Riot--Sava rt to the hound element: 

Tf, 
Y'^6 -L\ ^r,—;—   r (HI .3) 

The total  z   component of the  velocity due to the wake at the 

instant that the bound element has travelled to x       x     is: n 

Vit.U ^ 'Zr\   F v\) t : TJ -JV 

^T 

Kz-i -X* 
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The other two components of velocity due to the wake, V 
x wake 

V were considered to be negligably small  compared to the V 
y wake ' z total wake 

component. 
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C Force and Moment Calculations 

The hull of a  yawed  submarine is  typically modeled as a distribu- 

tion of sources and sinks alon^; the axis of the body to produce the body's 

axial shape and a distribution of dipoles having their axes pointed in a 

direction opposing the crossflow to satisfy the crossflow tanpency boundary 

condition.     Both of these distributions can experience forces and moments 

due to the external flow. 

Following  reference   w)   ,   one reaches the conclusion that the 

source   sink  distribution will  experience both a force and moment due to 

the presence of the wake.     There will be no force on the dipole distribution 

since the sail image provides  for no influence of the wake velocity field 

on the local dipole strength  required to satisfy the crossflow boundary 

condition.     There is no moment on the dipole distribution due to the wake 

was a  result of the assumption that V and V ,      are negligably 
y wake x wake 

small compared to  V ,    . 
z, wake 

The force on the source distributior as a function of distance travelled 

is calculated from a relationship given by McCreight which is based on 

slender body theory and  Lagally's   theorem. 

Where:    Wfx, s) is  the local  sidewash velocity due to the wake 

and SWx) is the derivative of the cross sectional area 

curve for the hull. 
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Similarly,   the moment on the source distribution is  given by: 

Uciv) 

IV. Rudder-Wake Interaction 

A. Following the philosophy described in III. B,   the response of th.0 

rudder to the velocity field of the sail wake will be obtained by finding 

the response of the rudder to the wake resulting from a step change in 

sail circulation,   then applying the supe rpositioi' theorem. 

The  rudder analysis will be carried out on a pseudo-steady basis; 

i. e. ,   at each instant of time the  rudder an its wake are assurred to be in 

a steady state cor.iition of vorticity distribution.     This is a  reasonable 

assumption.     Typically,   a submarine  rudder has an aspect ratio of roughly 

the  same magnitude as  the sail,   with a chord measuring about one-third 

of that of the sail.     Hence,   the non-dimensional dynamics  (transient response 

of total bound circulation versus number of chord lengths travelled) of the 

sail and the  rudder will  be very nearly equal,   but the  rudder will  respond 

roughly three times as  quickly in real  time due to its shorter chord 

length.     The pseudo-steady analysis essentially assumes that the  rudder 

responds  instantaneously to a change in angle of attack.     Since tne  rudder 

responds three times as  fast as the sail,   the pseudo-steady analysis  should 

give a  fair  representation of the interaction of the  sail wake and the  rudder. 

täi ■^.^^-.tiu.KÜ^L^.^tttäiliiüiihifftüiiila ̂ ■^...A^^.^.-;..^^ 
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B. Rudder  Response to Step Change in Sail Circulation 

The details of all of the  steps  required to analyze the  response 

of the  rudder have been covered in previous   sections.     The appropriate 

intepral equation is given by II. 10.     The equivalent span is calculated 

from    11. 18.     ""he spanwise and chordwise loading modes are those used 

for the sail  (the  special chordwise mode is not used).     Equation II. 10 

is  solved by chuosirg  sixteen control points,   integrating the loading modes 

numerically,   calculating the left hand side (local angle of attack at control 

point) from equation III. 4,   and solving the  resulting system of equations 

by least-squa res.     The forces and moments  on the rudder are calculated 

in the same manner as those of t*-     sail,   wilh the major exception that only 

the steady contributions of each mode are considered. 

V. Superpositio.   Theorem 

Consider a two-dimensional section of the sail-wake vorticity 

distribution as  shown in Figure  V. 1. 

RäU*«."V. 1 

The wake can be considered to be constructed from an infinity of wak^s 

from step changes in sail circulation of strength     öi^ly-TjU ) . 
'ft 
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From relationship II. 4: 

If,   for example,   the velocity field,   and,   hence,   the force on the hull 

due to the wake of a step change in circulation is knc^vn,   the force on the 

hull flue to the wake of the indicial  response of the sail  ca n be calculated 

from a convolution integral'. 

X*>!= - (YLJT) ^n.U-T.crtUT 

Where: Y,    ,,   (s) The side force response of the hull 
hull 

to the wake produced by the indicial 

response of the sail 

Y.- ,,   fs) The side force  response of the hull 
null 

to the wake produced b/ a step change 

in sail circulation 

r     fx-x, 0)      -     The instantaneous mode strength of 

the vorticity being shed into the wake 

I 2d typically has  very large derivatives at   s       0,   so that from a numerical 

standpoint it is advantageous  to integrate  V. 2 by parts 

I     0V 
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Similarly,   for the  remaining forces ant! moments on the hull and sail: 

'■ I 

J      rf3 

iv.s) 
6 

(Y.l^ 
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VI. Unsteady  Response Results for Example Vehicle 

A. Vehicle  Description 

The analyses described in the previous  sections were applied 

to an example hull-sail - rudder combination,   the dimensions of which are 

shown in Figure  VI. 1.     For simplicity of calculation, the sail and rudder 

planforms were both chosen to be  rectangular. 
-cJ        k- 1. 

Fiou^VI,^ 

The bow and stem portions of the hull were assumed to be parabolic 

' fttV^X-C     ) while the  remainder of the hull wa i approximated by a 

second order interpolating polynomial  'ifta + Vix ■«■CX*'      )• 

B. Indicial  Response of the Sail 

The strengths of the vorticity cross  modes used in the solution 

of the equation (II. M versus the number of chord lengths  travelled after 

the  step change in sideslip angle are plotted in Figure VI. 2.     For this 

aspect  ratio,   the circulation buildup is very rapid; after the sail has 

travelled only one chord length,   the lifting cross mode C,, has  risen to 

roughly 857» of its  steady state value.    A rectangular wing of aspect ratio 

(> would have to travel   roughly 4 half chcrds to attain a similar percentage 

of its  steady state circulation. 

-       -~-»»M-^^^M^W^^ 
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The .orces and moments corresponding to the circulation 

responses  of Figure   Vi. 2 are  given in Figure   VI.  ^. a,   h anci  c.     The 

force and moment calculations indicate that at the starting instant the 

sectional forces on the sail are increasing,   producing the initia1  "humps" 

in the   responses.     The presence of the  "humps" is a  significant result 

since,   for example,   the sail will experience a maximum roll moment 

overshoot of 28% during the transient response of the sail. 

C. Response of the Hull to a Step Change in Sideslip Angle 

(Sail-Hull Interaction Only) 

The side force and yaw moment on the hull due to a step change 

in sideslip angle are plotted in Figures  VI. 4. a and b.     Near the start 

of the  response,   both the  side force and yaw moment are positive, 

whereas their corresponding steady state values    are negative.     This 

effect is due to extensive changes in the velocity field due to the wake 

that occur    as the wake lengthens.     Near the start of the  response the 

wake has a velocity (V   ) distribution along the axis of the hull as  shown 

in Figure  VI. 5. a); the steady state distribution of V    is  shown in Figure 

VI. 5.b. 

V.«rt 

M*^ 

Fy*e, (VI.5) 

Li^ _., ;^^,.^^.J^^.^.^.^...^i::tr^U.,,.^a0iW^i.^. ri!.^..^j^ff J^j/gjjgji^utaui^k^^ %Mmm™mmmmMmmitmit\ 



33 

The initial distribution of wake vorticity produces a negative 

V on the forward part of the hull (source distribution) and a positive 

V on the after part of the hull  (sink distribution) and hence,   bv  Lagally's 

theorem,   produces a positive side force.     The steady wake's predominant 

effect is to produce a negative velocity on the after part of the hull and, 

by lagally's  theorem,   a negative  side force. 

D. Response of Rudder to Step Change in Sideslip Angle 

The side force,   yaw moment,   and  roll moment on the  rudder due 

to the  sail wake are  shown in Figures  VII. 6. a,   b and c).     The wake has 

a comparatively small influence on the  rudder until the trailing edge of 

the wake passes by the  rudder.     As  the trailing edge of the wake passes the 

rudder the forces and moments change  sign (indicating a change in sign 

of the  sidewash produced by the wake at the  rudder) and  rise  rapidly 

toward their final values. 

E. Total Configuration Response 

In order to compare the  relative magnitudes of the forces developed 

on the  sril,   hull,   and  rudder and the  relative time scales involved in 

their  responses Figures   VI. 7. a, b and c were constructed.     These plots 

represent the sums of the total transient forces and moments on the sail 

but only the interaction forces and moments clue to the  sail wake on the 

hull ar ;'  rudder.    Sinc^   the sail has  the most  dominant contribution to the 

force and moment on the total  configuration,   reference lines  for the steady 

state forces and moments or :he sail were added to Figures  VI. 7.a.b am 

^.^^^h^aaijjljfr rt^^tte***^^ ''ff^^"^^^"%iiMitiii^#iti^it^ 
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fn  farilitato a  quantitative comparison of thr   importanre of each 

interaction.     The yaw moment was   referred to the mid-chord of the 

sail;   the  roll moment  was  taken about  the axis  of symmetry of the hull. 

In all cases (side force,   yaw moment,    roll moment) the initial 

portion of the   response is  dominated by the  sail   response.     The  "hump" 

that was mentioned in Section VI. R indicates that initially the  submarine 

acts as a lightly damped force and moment generator; i. e. ,   a  step input 

of sideslip angle   causes a  rapid  rise- high overshoot response of force 

and moment. 

The portion of the  response between one and five chord lengths 

travelled is  characterized by the interaction response of the hull. 

The side force  response amounts to onlv a  small percentage of the steady 

force on the  sail.     The interaction yaw moment of the hull,   however, 

causes an ultimate moment variation of 20% of the steady moment of the 

sail. 

The portion of the total configuration response past five chord 

lengths is characterized by an abrupt change in force and moment due to 

the  rudder-wake interaction.     The ultimate change in side force caused 

by the   rudder-wake interaction is  roughly 20% of the steady force on the 

sail.     The yaw moment  response is the most dramatic:,   the change caused 

by the  rudder being  roughly  120%. of the steady moment on the sail.     This 

is a  result,   as one might expect,   of the large moment arm between the 

mid-f hord of the  sail  and the  cente r-of-pres su re of the   rudrier.     The   roll 

ifc'"   ' '      -     ■  '      "'    •:'-" -■^^'■■■■■'■' '■•~*'-^'"->■■>■■-■■■ ■>-->---:~-'^^ 
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moment interaction of rudder amounts to a very small percentage of 

the steady  roll moment on the sail since the  rudder's  center-of-pressure 

is comparatively close to the axis of the hull. 
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Figure  VI. i 36 

Cürculation  Modi-  Responses  of Sail to 

Step C'hange in Sieieslip Angle 

1   Radian 

AU,- l.O1)!    evos 

C»t-o) 

Distance Traveled   Halfchords  of Sail 
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VII. Conclusions 

4K 

1) The transient  response of the sail to a  step change in sideslip 

angle       shows  a  large  initial  overshoot  of sideforce,   yaw moment, 

and   roll  moment with  respect to the  steady state values. 

2) The interaction response of the hull to the developing sail 

wake shows the development of a modest sideforce and a more 

sizeable  stabilizing yaw mome'nt. 

3) The  interaction  response  of the   rudder to the developing  sail wake 

is  characterized  by a  sudden  reversal  of  rudder  side  force as the 

trailing edge of the sail wake passes by the rudder.    This  force 

reversal yeilds a  small change in roll moment and   a  very large 

change in yaw moment. 
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APPENDIX A 

DERIVATION OF EQUATION II. 1 

For a distribution of dipoles: 

Since this flow satisfies   Laplace's  equation,   the integral can be written: 

^•P^' i^A?A^[^' 
iJc*^. 

Considering a  rectangular wing,   the boundary conditions on T 

are given below: 

5 
I 
I 
i  0 

i 
j 

Integrating the first term by parts in the x direction: 
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Integrating by parts  in the y direction- 
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A similar integration by parts procedure yields; 53 

Hence: 
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APPENDIX    B.    COMPUTER PROGRAM LISTINGS 
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SAIL STjvP RESPONSE PROGRAM 

INPUT: 1)    Vehicle Geometry 

Z )    Side slip Angle 

3)    Trailing Vortex Sheet Angle 

OUTPUT:    I)   Step by Step Circulation on Sail 

2) Step by Step Forces and Moments on Sail 

3) Exponential Approximations to Circulation 

Response of Sail 
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C:G< 
I "v; L ?i r r)ATc    =    7^1^,9 21 /55/53 

r ; MI .. c i ( 

DIMfNS I UN 
DISK'S ION 
DIMENSI UN 
11 '■••" rlc. ! fj 

Ff- M'l UO,M 

100 FORMAT(51 
RcADZOO,( 

?00 Fncy/T ( 1(S 
i\j •••n S ^ '• S " 

AP=.5«(RS 
Y1=AP-0SL 
YH=.6?66l 

r5TA^L 
nr 20 1=1 

? 0  C P (1 + (I -1 
no 2i  :=i 
no 21 J=' 

2i  rp(J*(i-i 
'JS.   Z- 

Hl=.5*H 
H2=l.+H1 
H3=I.-Hl 
AP1=AP/H2 
no i i-i, 
xo=(rp(i, 
YO=ro(i,2 
nw«i(i ,NH 

DO   I   J=lt 

YHl=YH/H2 
WWS(1,J)= 

1    DW5;! ( 1 ,,)) 
on is i =i 
xo=r5( i,! 
YO = CP( I ,? 
no  15   IJ= 
K = ( IJ-1 )* 
^n 15  j=i 

15   DWsll I ,K + 
N2=NMDS+1 
PRINT50 
DO   30    1=1 

30   PR1NTS00, 
C^LL   GLc.O 

rTP=SOk,r ( 
VnP=H3/H2 

i  P ( 'U , 2 ) t r WS ( 20 , U i i J* ", I ( 2 C, 1 3 ) , P ( 20 ), P 1 ( 1 2 ) . r'.1 ( 9,^0) 
r W,J (^,A0) ,wr, P( 3,2 0,''»0) , 11 ( 20) ,WUS(2C,3) ,CC(I2J ,TAU(12,2) 

A- (1 2 ) 
USP(12,2u»,USM(l2,20),,J5P(l2,201fTSF(20),TYM(20),TRM(2G) 
CT (.-'O,! ^) . Siz( 5) ,-M( S) 

■•■r ,i\vS,\'Cf,r,\lCPS,NS,:,H,'iL,Tt-,t'HS,PSL 
Nif PC 

5,5PS.3) 
CP(I,1»,I=1.NCP) 
r5 .M 

iT;    iCUI\/ALr-\T   SPAN   L   JUNCTICN   CGCRD^ATf 
L-RHS)*(RSL+''HS)/PSL ,   " 
♦ 3HS 
«JT^ARSINKYl/AR ) 
ISH   SP'iNrtlSrl   CCMPCL   PCTNTS 

) «NCP«; ,2 )=Y1 + . ).*AR 
,NCPC -  - ■ 
.N'CPS 
)*\CPS,2)=(2*J-3)*.5*AR/(NCPS-1) 
c( :TM M,J )? T n SCLVc PC ON PIPST STEP 

NCP 
1 ) -H1 ) /H 5 
)/H2 
rS*l)=AL*(l. + (3HS/(RSL-AR+rpn ,2> ? !**2) 
NM5 

SINT(X0,Y0,J,0,AP1,YH1)/H2 
= WWS ( I ,J) 
,Nr p 
) 
) 
2,NMC 
NMS 

J) =MNT( XO,Y0, Jt I JtAPfYH» 

,NCP 
(DWSK I, JJ ,J = lfN2l 
nwSl,Bl ,1 L,NCP,NMOS,«Ur,,0. ,0. ) 
^AILIMG   ECG^    VALUt    DF   VHRTICI TY,ETC. 
1.-(H3/U'2)#H2 ) 
/H2/D1P 

>.I4B> ' 

"T"' 
4 lv^ 

7: T 
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cr7< 

L' "   L      21 yA IN DATE   =    7^14^ 21/55/53 

ne 2 J=I,NMS 
COUCJ,1 ) = -l.*Bl(J)*DIP/3.1416 

2 CWJ(J.l)=-l.*Bl(J)*VOR 
N0=NMS+1 
HO   17    I=:>10,NMr5; 

1 1 7  cnu( I , 1) =B1 ( I) 
j   f. FIK'O   nPWNWiSH   OP   UNIT    PSEUDO   MGOE 

00   3   1=1, NCR 
XO=CP(I,l) 
YO=CP( 1,2 » 
no   3   J=l ,NMS 

3 WWS( I,J) = (WW5;(I,J)+(niP/3.l4l6)*(SIM(X0,Y0,J,l,APfYH)-TrC^C<Ü.P,H, 
I 1 ,XO,YO, J,TH,YH)) J/VG"? 

DO  4   1=1 ,NCP 
4 PRINT500,<WWS(1,J), J=I,NMS) 

|        500   FORMATCO» ,10X,10E12.4> 
00   5   K=l,NMS 

i 00  5   I=1,NCP 
X0=CP(I,1) 

7- -^— yaacPt i,zi 
DO  5   J=1,NSD 

5 WGF(K,I ,J) = WAKE(HtAR,J,XOtYO»KfTH,YH) 
■'Z        - FIX   M4TPIX   FOLIATION   ARRAY   FOR   SUBSEQUENT   VALUES   OF   1ST   MCDE 

DO   6    1=1 ,NCP 
XO=CP(1,11 
Y0*CPtI,2T 
DO  6   J=1,NMS 

6 OWS(I,J) = SINT(X0,Y0,J,1,AR,YH>-WWS<I ,J)*6.2832/H 
IF(NHC.E0.1 )r,0   TO   13 
DO   12    1=1 ,NCP 
XO = CP( 1,1 > 
Yo»cptn?r   -•• 
00   12   J=2,NMC 
N=NMS 
00   12   K=1,NMS 
L=N*( J-l)+K 

12   DWS(I,L)=SINT(XO,YO,K,J,AR,YH» 
r3""CONTTNUF "     '    ~   "     ~  

DO   11   N=2,NSD 
DO  7   I'ltNC.'' 
p(rr=o. 
XO=CP{ i, 1) 
YO=CP( 1,2 ) 

-    oo-T~j«r»-iws - -  
C FIND NEW OOWNHASH OF TRAILING EDGE MODE 

R(I)=8(n*CCU(J,n*TECMC(AR,H,N,X0,Y0,J,TH,YHJ 
r PINT   D0WNW4SH   QIJE   TO   PL   MODES   IN   WAKF 

N1=N-1 
PO   fl    IJ=l,M1 

-n R ( TI^Bt 11 *C1ilJ( J , I jr*WGFt JfT'tN^nn—^—"  

: 

I 

6 
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^8< 
2 1 / ^ 5 / c^ 

me»- MUMIunMHiliS ■ 

7   P(I )=K I)-(CWJ( JTN-l) + 6.2832*Cnu( J.N-l»/H)*kWS (I .J) 
Dfl   9    1 = 1,NCP 
DWSU I ,NMDS4-n=B(I )+AL*(l.*-(RHS/ (RSL-ARvCP( 1,2 )5)**2) 
DO   9   J=lfNMDS 

9 DVSI(i ,j)=rws(I,J) 
CALL   GLSQinwSlfBl,TL,NCP,NWDS   BUG,0.,0.I 
PRINT50 
N3="N«ÜS + 2 
DO   31    1 = 1, NCP 
DWS( I,N3t=DWS(I ,U*B1( 1» 
DWS(I,N2)=P(IJ+AL*(l.+(RHS/(RSl-AP*CP(I,2)))**2) 
DO   32   J = 2,NMDS 

3 2   DWS( I,N3 )=DWS( I,K|3)+31(.J)«DWS( I ,J) 
"TI TPrNT5(ro,rDW5{IfJ)»J = l,N3» 

DO   2i>   [ = 1,NV10S 
25   COU(IfN)=Bl(I) 

DO   11   J=l,NM5 
ii   CWJ(J,N)=(6-283?/H)*( cnu( J,N»-COU( J,N-1) )-CWJ( J^-H 

00   23    1=1,NCP 
■  xo=cprT,n 

YO=CP(1,2) 
ST( I ,NhS+n =AL*(1.*(RH5/(RSL-AR*Y0» )**2) 
DC   23   J=l,NMS 

23    ETII,J)=SINT(XO,YO,J,Ü,AR.YH) 
CALL   GLS3(ST,B1,1L,NCP,N^S,BUG,0. ,0. I 

■  rai.L'STrTJrRVTHVTmStSFjRM) -..        ..   
PR!NT800,AR 

800   FORMATCl«, IGXt'STFP   RESPONSE   OF   SUBf-ARlNE   SAU   WITH   HULL   IMEPFER 
1ENCE,AR=    ',PS.^) 

PRINTAOO.H 
400   FORMATC'OSIOX, ,BETA=   .1     H=•,F6.'.,,   HALF   CHOPCS') 

625   FORMATI'0',10X,»STARTING   HOOE   STRENGTHS*! 
11 = 0 
PRTNT6 00,(II,I,B1(l),T=ltNMS) 
DO   10   N=l,NSn 
PRINT3J0,N 

"3110 FaRHRTT'O» ,107,'WSTCE XENGTR=',I3,2X,'STEPS')  
DO   10   1=1,NMC 

10   PRINT6 00,(I,J,COU((I-l)*NMS*J,N),J=ltNMS» 
600 FORMAT(1X,312X,'B{',11,'-',11,•)=■,F12.^)) 

PPINT^OP 
900   FORMAT CO',10X,»WAKF    Mi:nr    STR^f.GTHS'i 

00   l^   J=1,NWS 
14   PRINT700, (CWJ(J,NJ,N=l,NiDJ 

700   FORMAT<'O',10X,10E12.4> 
CALL    £Tr'1.OY(At' ,/SL,TH,NMr ,NCP,'"P,YHf P!)S,PSL,CQ,LWS,NMS) 

P & I 'M T « 5 ü 
850   ^C-PMAT« ■ 0' ,10X, ' STi. ;nY    STATE    MrCr   ?TCPKGTFC-') 

00   18   1 = 1, NMC ""• 

* 

*;., 
-k.. 

fife; ■ 

ifafe,afe;;^^ito/,;jxjwjia^lii'H^iyli;^^viV^ mi!)immm&i<MMi&äm 



flipj^WV^I-.TTT' *wwryyf/f.*'T.!^^-'w^ 

LF V- L      ;i '•' t I M - f T -   =   7 4140 21/55/53 

i "   PMi ■"M:/. ( 1 , .1 ,■ ' ( ( T -i )"T-^-t-JI , J = l ,Ny S) 
r- rui    TaiK (Kur ,Mv.s,Nsr,cCU.Cn,H,TAUf * ) 

pc [ iir5so 
550   F   r^'^.T ( ■.)' , KJX. ' r xPn\t"NT! AL   .'. PP ^ ^ x I w/5T T CN S   TO   ."CD11    HISTCRIES') 

r ,     I ..    T =1  -•  •T 
'(     W    .1=1 ,\vc 
K = jvc -.-. ( i -i ) f j 

A1 = 1 . - 4 ( K I 
16    PPINT(,50,I,J,CU(K),Al,TAU<Kfl),A(K)tTaü(K,2) 

75 0   r nRMATCO' ,10X, »^('»llf '-'t U; '> =',?!?. 4t M I.-    '»FlZ.^.'cXPC.ElZ. 
1 -t ? ' * S ) -    ,,-12.4,'fXP(,,-12.4,'^S))') 

CALL    PM( Ny .>.wSTf^r,c SL f«HS. A3. .CMIfCC.tWJ.H .USF.USM.U^PfTSP ,TYN ,TP 
1 M) 

f " " PRTNT910 
P      910    FORMAT ('O« , 10X, 'FlRfFS    r.   MOMENTS   OF    GOOES') 
t PRINT920. (USFd ,J) ,J = 1 ,NSDS) 

' ' PPINT9 30 
920    FORMAT(«D« , 1ÜX,10G12.4) 
930   F0RMAT('1') 

—' ,-RlNT920, (USMU.J) , J=1,NS0S» 
;.l   ,  PR I NT 93 0 
'']■    'PRIUT92C, (USR( 1,J5 ,J=1 ,NSDS) 

x ^0   2 2    1 = 1 ,NM<; 
PPINT930 

2 2 PRINT920t(USF(I+NMS,JJ ,J = 1,NS0S) 
 PRTNT9^0   '" '    ' 
94,0   FCRHAT« •O« ,10Xt'TGTAL   SIDE   FORCE') 

PPIN1920f  (TSF(J ),J=l,NSDS) 
PPINT95n 

950   PORMAH '0', lOXt'TUTAL    YAW   MCM=NT«1 
PPINT920, (TYM(J ),J=l,K!SnS ) 

 PRINT 560   
960 FORMA'M «O",10X,'TOTAL RCLL MOMENT') 

PkINT920,(TRM(J),J=lfNSOS) 
CALCULATE STARTING FTPCES E MOMENTS 

SSF = -1.570P«B1 ( 1) *Sf"( 1 )*2. 
SYM=SSF*.5 

^--"^-T5ims-RHtl»*SSF/SF( 1) -      ■ 
s 00   24   I=2fNMS 
< SSFA=-I.5708*B1(I)*SF<I)*2. 
£ SSF=5SF+S?PA 

SYM^SYMi-^^SSFA 
2-v   SPM = SPM+PM( T)*SSFA/SF (I ) 

t -SirM=SFW*5SF*(^SL-ARt 
PPINT650 

':'      650   FORM&T( '0', 10X,'STARTING   FORCES   f.   M^^EMTS,) 
* PRINT 6.75, SSf , SYM, SPM 

675   Fnq^iTCO« ,2X,'SF = < ,Fl2.4,2X,'YM=,,Fi2.4,2X,'Ph'=',F12.4) 
C                      CALCULATE   STTrftHY   FORCES   &   MOMENTS 

•         -ESF=3.l416*Cn(I»*SF(1)*2,     

^ 

~'.üa^^^iiiiLk*uiiilä&^u^i^±^^^^^ --■-..-■-^<..iri..n,rinaa^iMrtii«iv^>J'.-.-^^-^iv^...-^^^^ 



viWgi^tyltiwimtWfW'iwniw^tweimfvrw^ 

1:0 

IT r u i t * M V   I". L _ v a 21 MMN • Ji fc y^i^.^ 

01 H7 
01B 8 
0189 
01^0 

" Ü191 
oir.r 
01^3 
019^ 
G195 

r~ 

0196 
am 
0198 
01^9 

0201 
0202 

EFM=ESF«RM| 1) /SF(i) 
DO   26    1=7,NMS 
ESFA=3,1^16*CC(I)*SF(I)*2. 
ESF=rsF+:-sp4 
FYM=f Y^+.5*ESFä 

26   FP''=L^ M+'"SFi=?Bs'( I j/SP ( I ) 
EPM=PRM+ESF*(RSL-^R1 
DO   27    1=1,NMS 

2 7   EYM=5YM+.7854*2.«SF(I)*CGINMS+I) 
PRINT660 

660   FORMAT(«O1,10X,»STEADY    STATE    FORCES 

PPINT675,rS'r,r:YM,F?M 

50   FUPMATCl«) 
STOP 
END 

£   I'-KJNENTS » ) 

11 

; :l 

^ ^£.-.^ ■;,.;;■■-,-■-.» ^iau^s^.-»*.*^.^^^^ if     i II   V       I'i'fAliiTflMiitflii'ili' isiMfiiayaitTäyfttf^aMiiriWfiHiiittMji 



MWSWiW^iWSWpB«?»^ up^AJrj;i!iiiSl,^^^jt«]^f^|l»P^^^)i^Uf!B4«i|^ mwwimmmmmm 

c p P T f.' A -M    IV    r.   L T Vu" L ?1 SI NT n-i Tc 7A149 

■ 

: 

0001 FLMrTir,'.   MNT (X ,Y ,N ,u, 00, Y'  ) 
DIMENSinN   P(6) ,F(6),W(3) ,F(5I ,Cl if?r 0002 ( 6 ) , C 2 ( 6 ) 

'?■■ 000 3 Zl(A,P) = B*( l.+^ )-l. 

0004 Z?<A,P)=R*(l.-£ >+a 
"Oün^ Z3( A,t- )-'.*( I .tP 1 + 3 

0006 Z4(A,BI=3*( l.-fl)-H. 

0007 ZrTA=.6:^hl '^V^IMY/A^!) 
*• ~— 

"TJ0TI8 R( 1)=.2386192 
0009 R(2J =-l.*R( 1 ) 
0010 R(3)=.6612094 

" 00 n P(4) = -1.=5R( 3) 
001 ? ^(5) -. «•'46f;rJ 

001 3 P(6»=-l. >R( 5) 
■  our*" "■"" W(l)=.4679139 

0015 W{2)=.3607616 
0016 W(3)=.1713245 

■~  '"" 15011 IF(7^TA.LT.O. )GC   m   3 
0018 D1 = 7L:TA 
0019 02=1.-ZFTA 

1 
—üozry-    " nn i  1=1,6 

002 1 Äl=p(1) 
i 
1 0022 E( I) = Zl(AltZETA) ' 

" 0023 F(I)=Z2(M ,ZETA ) 
00?^ pi = r-( i) 
oo,1s P? = F( 11 

i— "0026 FTA1=AR*SIN(1.5708*Bl>-Y 
0027 ETA2 = &D.«SIN(1 .5T08*B2l-Y 
002 8 Cl(1)=CINT(X.ETAl ,M) 

~ 002 9 I    C2[ I )=CINT{ X,C:TA2,U) 

003 0 Gn   TQ   S 

u o < i 3   D1=1.+7ETA 
0032" D2=-1.*ZETA 
0033 00   4    1=1,6 
0034 A1=R(I) 

— — . 
303 5 F(I) = Z3(M,ZETfi) 

0 03 6 F(I)=Z4(M,ZFTA) 

00^7 Pl = E( 1 ) 
003 tf B2=f(n 
003 9 ETA1=AR«SIN( 1.5 708*61)-Y 
0040 ETA2 = AR*SII'J( 1.5708*B2)-Y 
3 0A1 Cl (T)=CTNT(XtETAl,M) 

j n ^ 2 4   C2(I1=C1NT(X,rTA2,w) 
0 )4 3 5  r,i = o. 
OOAT» G2 = 0. 
0045 on   2   11=1,3 
0046 .^ = 2*1 I 

L„ 
00A7 IJ=?>II-I 
OOAh X1 = F! I.) ) 

004 9 X2 = r(j j) 

1  " ÜV5Ü Yl=F(IJ) 

■ 

r f 

^t^.r.^l*<,.,.^:-.<,^t^*l*.<.lM,^*^'*j:il,iJ^ 



x&imiVQmflfäsif^^ 

I    .' 

F1 k T 4 A N    IV l PVP L       ?] INT DATF =    7 ä 1 <, ^ 

OJbl 
01)52 
00b3 
0054 
005 5 
0 00 6 
005 7 
0058^ 
005 9 
0060 

Y?=F ( JJ) 
W1 = C1( IJ ) 
W2=C1(JJ) 
p i=r2( i j» 
R2=C2(JJ) 
ni=r.l*Vv{II)*('rl(XI,YfWl,aR,N,YH)+Pl(X2,Y,W2,iR,fJ, 
r-2 = G2+W( I I )'>(Fl(Yl,Y,Rl,ARtiM,YH)+Fl(Y2,YtR2,Aü,fJ, 
SINT=lGl*Dl+r,2*D2)*. 19635 
RETURN 
END 

w 
YH) ) 
YH) ) 

I 

ii 

» 

ii 

i 

■ 

r 
/ 

, 

. »■■...-J-. i.^,.^ .:■■■.■._ Ju^,.-J,^,-.,v.^^,J,.^.teaaiAjA^,..l<at^^aan>^a^li^^ ^^ia^^^^j^i-^aya^-irjSiV^rMJaiW^^^ 



f^CT^y^fWWiw^wTO^>Tn?y*m^ w^"-t'>y^'w'^T-^^-'w"^r'''!'^™''l^',"?'y!'','w^ "-^^^'■■•"- ■":"''"'"" 

£3' 

IV    r   ( f. v - L '1 IV OATf    =   7^,1^9 

£__ 

a.. _. 

10 

20 

Ptl'-li' TI   )      '." INT (Xf   TA, -IJ 
DTMfNSMN   R(6),E(6).P(ft)fW(3l 
Zl(A,F)sA*(1.*B)+R 
Z2<4s tB)=^''( l.-A)+ 1. 
77(4fp )=^*(1.+4)-l. 
Z^(A ,P)=J*(1.-A)♦* 
f CL = .63661C)7*APSIN( X) 
R(l ) = .2336192 
»(2)=-l.*R(lJ 
"(3)=.6612094 
R (4)=-l.*R(:»J 
P ( ^) =.S3?46':.5 
^ (M^-l.^R (Si 
W( 1 )=.467913t' 
W(2)=.3607616 
wm = .1713245 
TF( OFL.GT.O. )r,r TT  10 
on   i   i=i,6 
Y=R ( I » 
Em=ZUY,DEU 
F( n=Z2(Y,0EL) 
A1=1.*0EL 
£ 2-- l.*n^L 
r,n Tu  20 
nn  2   1=1 ,6 
Y=R(I) 
E( I) = Z3(Y,DEL I 
Fd) =Z4( Y.DEL) 
Ä1=PCL 
A 2 = 1.-PEL 
CINT=0. 
DO   3   1=1,? 
X1=E(2*I-U 
X2=E(2*1» 
Y1=F(2*T-1) 
Y2=ir{2«I ) 
D=A1«(FffXl,FTA,X,M)+FC(X2,ETa,X,M)) 
C=/J2*(FCm ,ETA,X,M)*FC(Y2.ETA,X."M) ) 
CINT=C INT + Wd )*(D+C) 
RETURN 
FN^ 

r 
rr- 

 -.:. .„-.muiäk t^,^^^^^^^***^ iiÜisÄäeiii^Mii 



SWJIipiPpPSWilWSSpWW'P^ PIPSSWWW^W" ^^pffRB 

IV I "K'zl •\ ( r ntiz    =    7^1^^ 

Ü')(,l 

0002 
0OC3 
OÜO^ 
300 5 
JL)J6 

000 7 
oaog 
0009 

FUNC T T' ;j   tr ( x ,(:T.i ,xn , ") 

IF(M.F0.0)G=SIN(l.5708*X) 
IFCM.EO.l )(, = !.-SIN(l.5708*Xi 
IF(M.r0.2)r,=-.5'!'(CCS«3.l'!»16*X)tSIN(1.5703*X)) 
If (M.r.T.2)G=.5*(CCf><''i*1.570a*( l.+X) )*C05(<w-2)* ' 
A^^INl1.5 70ß*X) 
FC = G*SQRT( ( a-X0)«(/5-X0)+2TA«ETA)/(^->C) 
RETURN 

57Ct3*( l. + X 

r" 

13 

i. 

ii^ÄW^.^fe^;a^ffi^^«^^.^Vi^a;^^ aiffe^l^iifeittaii-iWi'imti^ir^B^^ 



\ ]X^[m.\mtJim»$M*ß^miWjP !^!W^WTIP}5^^!^W^A^^*' ^'^:-''->'L'-- ■M'' JJiV^^ftWJ^VJSIW* ■-^'-^.■??yff?,^wy;Cwr^^-j^T^^,^>wy^ '■"Tr^71 

e:5< 

C (■-•'• C ft • J I    VI 1 f- 1 VT, T'iUCi 

r 
'i 

r 
prr 

?S!W 
^z 

15 

0001 
0002 
U003 
0004 
0005 
0006 
0 ü ü 7 
0008 
000« 
0010 
301 1 
001? 
001 3 
0014 
0015 
00 < 6 
001 7 
0018 
001«? 

FUNC.T l~\   PI ( A ,Y ,r, AP, f»1, YH) 
IFtN.rO.1IGC   TO    l 
IF(N.E0.2)00   TO   2 
IF (N.EG.3)00   TO   3 
CONTIMT 
IF(; .LT.YMl^CsC^ (1.5 703*(£-H.)/(YH+1.1 (/( VH+1.) 
IM/.r.'-.YH)r,s^rc(1.57ü8*(4-l.)/(YI--l.))/(YH-l.) 
GO   TO   4 
fPNTINUF 
IF( A.LT.YH)r.S=rnS ( 1.5 70 8* Uf) .) /(YI-+1.) )/ <YH+1 .) 
IF( A.Gr.YH)r,5=rr<; (i.e;7ce*A/VH)/YH 
IF U.tV^.O. ) r,S=-?. »«"-c: , art^. 14U) 

CDNTINUr 
IF( A. LT.YH)GS=3.*C 05(4.7124 MA+I.)/(YI- + 1. ) )/(YI- + l.) 
IF(A.Gt.YH)GS=3.*C0S(4.7124*(A-l.)/(YH-l.})/(Yh-l.) 
ri=P*GS/(&t'«siN{&*1.57Ü8)-Y) 
PF TURNJ 
FNn 

i /,, 

| 

i 

—^—; i.->.jl;sri!f.»,^taiAw«^k-^V^ii— LiAAiviaimaja.iwiiiiWi'ff^--v-,'-1; .  if -^ 



W,&ii*y>f!!§yi^^jAWV'wi*F!^ 

£G< 
^^A^'    IV   '',   L^VEL      ?1 WÄK DATE 74 HS 

r 

f 

L.._ 

,r 

i).)r i 
aooz 
0003 
000^ 
ooos 
00J6 
000 7 
aöOB 
0009 
0010 
0011 
0012 
001 3 

0015 
0016 
aoi? 
0018 
0019 

-ÜÜZXS 
0021 
0022 
0Ö23 
002^» 
0025 
^026 
002 7 
0028 
0 02 9 
0030 
0031 

0033 
003^ 
CT03 5 
00^6 
30*7 

0038 

0039 
0U4 0 
0041 

FiJNf T).";   WAR.-(H,AD,\,X0,Y0, II ,THf YH) 
DIMENSION   R(6),E(6),F(6),W(31 
ZUA,B)=B*(I .♦A)-l. 
Z2(A,B)=R*( l.-A ) + A 
Z3U , ") =^(1 . i" ) + B 
Z4(A ,i?) =Q*( l.-A 1+1. 
ZrT^ = .6366n7*ARSIN(Y0/rtR ) 
P(l)=.2386192 
R(2l=-l.*R( 11 
R(3)=.6612094 
R (4) =-i.*Rm 
K(5i= .9324695 
P ( 6 ) = - 1 . !■ P ( 5 ) 
W{1)=,4679139 
W(2) = .3607616 
W(3)=.1713245 
IFIZFTA.LT.O.»GO   Tl   4 
Dl = ZcTA 
n2=l.-ZFTA 
00   2   1=1,6 
A1=P(I ) 
E( I)=Zl(Al,ZRTAI 
F(I) = Z2(A1,Z>'TA? 
no  in  6 
ni = i.-i-7-TA 
02=-!.»7ETA 
00   5    I=1,6 
A1 = R( I ) 
^1 I)=Z3<41,Z-Tft) 
F (i) =Z4( a UZTTA) 

WflKE=0. 
DO  3    1=1,3 
R1=E( 2*1-1) 
R2=E(2*I) 
F1=F(2*T-1) 
F2 = F(2*1 ) 
Gl = ni*(PA/A(oi ,^P,H?X0,Y0.NT II,TH,YH)+FWf{R2,AR,F,X0,YC,N, 

4. 

i 

11 

n2*(FvVA(ei,AP,H, XO,YO,N, II , TH, YH)+FWA(E2,AP ,H,XO,Y0,N,n 
II 

G2 
1 > 

3   WAKF = Wi'<--fK I)*(r, 1+r-? ) 
R^Tijc M 

: 

j^.^Mva<^^v/i.>nr£Vm»«>i^^ii»rmrii«VaJfeai,ii:a!;r—,—,—^i , ■. Lkü^iäüieät^asu^ ^i ■ fi#nwi!l#ii#ilriflTtiWi1l 



Brf ?^'q ff^^Wy^w^Wffl^ 

C7< 
^   ' ■. 1 -  . N    IV 

Uul 
g.-.—-_ _ 000? 

0003 I 0004 
oous 
0 00*, 
0 00 7 

r ■ 000B 
0009 

r 0010 -~" 0311 
0012 
001 3 

r- 
0UI4 

| 0015 

L 0016 
0017 
0018 
001Q 

K UU-fO 

1 0021 
—xnrzr- 

002 3 
0024 

| 
0025- 

K 
L... 

l     V L 1! c AA 04T' 7^l4S 

criMfTi   ,-     f v. \( Y.ic- ,H,X0,Y0,N, I I ,T,Yh) 

GS = FSPAN(Yf II,YH) 
XNl=N*H-(XO-l.)*CCS(TI 
XN2=XNl+H 
XNI3 = XM -H 
Z0=iflS(X )-l . ) '•'SINIT» 
Yl = A-*S[N( I .S70e*Y)-Y0 
Y2=A3S(Yl) 
S=Yl/Y? 
FaR=Y2/ZJ 
S»l=SCOT(X!-n*XNl + Yl«Yl+Z0*Z0) 
S k ? = ^C ^ T ( Xf; ?'■' XN ?♦ Y I« Y I + Z 0» 7 0 ) 
SR^=r, 0-T(XN3«XN?+Yl*Yl+Z0'',Z0) 
Fl=SOPT( XNl*XM+70*Z0) 
S2 = S0F"M XN2*XN2 + Z0*Z0) 
S3=SORT(XN?*XN3+Z0*ZO) 
ß=Yl/( Yl*Yl+ZO*ZO) 
r,l=A«( .S» (XN2''S«2+XN3*SR3)-XMrtSP. I» 
r,2=Yl'=(iLrr,(XMtSQl)-.5*(ALnG(XN2+S32} + ALnG(XNl + SR3))) 
G3=S*( XN2*AL0G( ( SP2-Y2 »/S2)+XN3*AL0G ( (S R3-Y2 ) / S3 )-2 .♦XM»AL' 

l-Y2)/Sl)) 
G4=Z0*S*( ATAN(RAB*XN2/SP2)+ATAN(RAB*XN3/SR3>-2.*ATfiN(P,AB«XN 
PWA=( Gl+G2 + r.3+G4)*GS*. 125/H 
FWA=FWA*CCS(T I 
RETURN 
END 

r 
11 

i 

r 
L. 

r 
^ 
?• 
i-_. 

£_ 

r- 

a^t:atoiiitfjüw^MiaAtrtit ^ '. ; J^üyy iasiiaüaiäai^fliiae .......,.-^.^.^J..^^^^.^.-»^^».>^r...^M^^^:i^,^^iiai 
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! 

. 

■if<f.»yjiA-rt^<yw«wwwf» 

IV 

0001 
0002 
0003 
OOO^f 
0 005 
JO 0 6 
0 00 7 

I 

'D008 
0009 
0010 
0011 
0012 
0013 

1 TJUTA 
1 0015 

0016 
0017 
001 B 
0 019 
oozo 
0021 

1 0022 
^   • 002 3 

002^ 
0025 

1  uure 
002 7 
0028 _ — .. 
0029 
0030 
0031 
003^ 
0033 

L 0034 
0117 5 
0036 
00 3 7 
0038 ' 
0039 
0040 

—  -- 0041 

Lr-V^L      ?1 Tcr^Q Q/iTF 

PU'JCTI  1l\   TfCMC(AP,Htij,XO,Y0,II,T,YH) 
DIMENSION   R(6),W(3J,F(6),F(6r 
Zl(A,B)=B*tl,+A)-l. 
Z2(A,P) =B*( l.-AKA 
Z3(A,P)-A*(l.*B)+e 
Z4<A,P)=3*(l.-A 1*1 . 
ZeTA=.63661S7*ARSIM(Y0/AR) 
R(l)=.2386192 
R(2)=-I.*R(1I 
R( 3) = .66120<54 
! K)=-1.*R{3) 
F(5)=.9324695 
R(6J = -l.*f<( 5) 
W{1)=.4679139   
W(2)=.3607616 
W(3)=.1713245 
IF(ZETA.LT.O.)GC TV   4 
Ü1=ZLTA 
n2=l.-ZETA 
no 2 T=I,6—  ■•- -     —     
Al=R(I ) 
En)=Zl(Al,.FTA) 

2 FJ I) = Z2m,7FTÄ) 
GO TO 6 

4 Dl=1.+ZCTA 
D2=-1.*ZETÄ 
00 5 1=1,6 
41=P(I» 
F( I) = Z3(M,ZFTA) 

5 F( 1) =Z'i( Al, ZETA ) 
6 TECMO=0. 

DO 3 1=1,3 
Yl=E(2*I-l) 
Y2=F<2*I) 
F1=':(2*I-1 ) 
':2 = F( 2*1 ) 
n^niMP"1" (Yl, AR,H,XO, YO,N, I I,T,YH) + FT(Y2,AP 
G2=n2*(FT(El,ÄR,H,XO,YO,N,II,T,YH)»FTfEZ,AR 

3 T6CMD = TECM0*W{n*(Gl+G2) 
RETURN 

(:s< 
7-^ 149 

■-yr- 

I 

,H, >0,Y0,N,IIr 
,H,X0,Y0-,N, IT 

V > 

' 
T^j 

,r 7 i 

 ^ ^ ̂.^.^ri,;.y^^^^^^i^a^^.^~^rt^^^ m*^^.<^^^. -^^^i^^^^.^^^^^^ 



FOPT? 'iT! 7M 1^^ ^l/^S, 

000 1 

000 3 
0004 
0(TÖ5 
0006 
0007 

FPOOOR 

F ' 1 • J 

GS = 
XN1 
XN? 
XN^ 
Yl = 
Y2 = 
5=Y 
Z0 = 
PAR 
S« 1 
SP ? 
?1 = 
52 = 
A = Y 
Gl = 
G2 = 
G3 = 
GA = 
G5 = 
FT = 
FT= 
"FT 
FNP 

F S P 4N ( 
=M«H-( 
=XN1-H 
=XM?-H 
A Q *■ S P| 
ABS(Yl 
1/Y2 
aBS(Xü 
=Y2/ZÜ 
= SCJC T( 
= c;o(--r( 
SOt- T( x 
S0FT(X 
l/(Yl* 
.0625v 
A * ( X N 2 
YI * A L " 
?.>*--xrp 
Z0*=S*( 
1 .5708 
FT*cns 
URN 

FT(YtAR,H,Xü,Y0,N, I 1,T,YH) 
Y,II ,Yh) 
XÜ-l.)*Cr!S(T) 

I 1 .S70R*Y)-Y0 
) 

-1 .)*SIN(T) 

Xh li-XN l+Yl»YltZO*ZGl 
XN.2*XN2 + Y1*Y1+Zü*70) 
Nl*XM+2ü«70l 
N2*XN2*Z0>*ZO) 
Yl*ZO*ZO) 
(1./(XN1*XN1 + ZC*ZO)*1./<Y1*YUZO*20) MXM*Y1/SR1 
*SR2-XNi3*SP 1 ) 
Gi (XM*SRl )/(XN2 + SR2 ) ) 
^S«ALOG(Sl*( SF2-Y2)/ (S?« ( SP 1-Y?) ) ) 
AT/SN(RAB*XN2/SP2)-ATÄN ( R AF* XNl/SP 1) ) * 2 . 
*{GU( .125/(H*HJ )* (G2 + G3+GA<G5) )*GS/ ( 1.-.5*H J 
(T) 

IL, 

i 

L 
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jitity&iv&i HV*-W 

■;■■ — .-,- r ■---.-^r.^iR-ü Tj'-v"-."? 

70 < 

f-:ii" VL      21 ^TflAOY OATF 7AUC> 1/55 

DO n 
0002 
000 3 
000^ 
J00r) 
0 00 6 
00». 7 
0008 
oooq 
ÜÜ10 
0011 
001 2 
0013 

~ 0014 
0015 
0016 
0017 
001 « 
001 r' 

'" TJTTZO 
0021 
0022 
0023 
0024 
0025 
tl026 

4 
3 

50 
'3 00 

SIMC ri'T j -j..   ^f-t'Y ( AJ , :L ^H.N'-'C ,^CPf CP, YH,»HS,,rSL5
rr friwS ,^ VS ) 

niMFN'S ION   CP(20,2 ) ,Cn( 17) ,CWS (20, 13) ,IL( 20) 
DIMENSION   ■■;(20,13) 

NNnS = NMC*'J^5 
rn i  i =1 ,Nrp 
X0 = ( M i ,1 ) 
YO-T'M 1,2 ) 
rjWS( 1 ,NMTS+1)=AI * (1.* (RHS/(RSL-AR+Y0))**2) 
DC    1   J=1,NMS 
DWS( 1^)=«:, INT(X0,Y0,J,l,AR,YH)-TRL(AP,Yh,J,X0,VC,TH) 

Nl=NMr S*l 

nn  2   I=l,NC0 

DG   2   J=l,Nl 
s (i, j)=r"«/s( i, j) 
CALL   r,LS0(DWS,C0,I L.NCPrNfHS ,PUG,0.,0. ) 
PR I NT 50 
rn   i    1=] ,NC P 
S( I ,N2J=<:( I ,1 )*C(i(l) 
DO   4   J=2,NMnS 
SI I ,N2) = S( I ,N2 )+S( I ,.J)*C0(,f» 
PRINT 500,< S(I ,JJ,J = 1,N2) 
FORMAT ( «1 • ) 
cf =VAT ( ■,)• ri0X,10Fl2 .'' ) 
f- ^THPN 
ENn 

§■ 

TT 

,T,. 

iitt^v^tea^iw^aiai»^^ «^^^^^....au^^^^^a«^^ 
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c X' 

'^^??i?^|H^itv.^wCT?''y^^^-'^ 

FOR! ^ n 1. ■ V"L 
T»l HATf    =    7<*14q ?l/5 5/ 

000 1 
Eromre 
K  000 3 

'   0004 
~ 000s 

0006 
0 00 7 

— OTJDS 
0 00^ 
0010 
0 o 11 
001 2 
001 i 

"0014 
r  ooi s 
K'   0016 

001 7 
ooi q 
0019 

PTTJUTU 
I 0021 
I   0022 

002 3 
00?4 
oors 

^"'002 6 
0027 
0028 
00?<5 
OO.^O 
00?1 

r-0U37 
0033 
003 4 
0D3 5 
0036 
003 7 

pr 0038 
?    0039 

0040 
^ 0^41 

10 

20 

F-i i 

r ! 
/ 1 
7 2 
Z3 
Z4 

M 
n ( 
0 i 
c ( 
p ( 

c ( 
W( 
w( 
W( 
IP 

Y = 
F{ 
F« 
Al 
4? 
GO 
Pf 
Y = 
F( 
F( 
Al 
«2 
TR 
on 
XI 
X2 
Yl 
Y2 
D = 
C = 
TR 
RE 
EN 

)  = 
1 = 
)   = 

,(    ) 

) 
I 
) 
) 
) 
) 
) 
) 
} 
r 
1 

t; ( 
I ) 
I) 
= 1 

T 

2 

I I 
I ) 
=r 
= i 
L = 

-l 
I 

! ) 
= Z 
= Z 
. + 
1 . 
n 

I 
I ) 
= Z 

3 6 
23 
1 . 
6 6 
1 . 
~ ^ 

1 . 
4 6 
36 
17 
.f- 

= 1 

"■ -i   ( y-  , YH, J, X0, VO, TH ) 
N    K ( M , - ( 6 ) , P ( 6 ) , W ( 3 ) 
ft*<  1 . +P ) + 3 
a*( 1 .-A )+l . 
VM 1 . t A ) - 1 . 
' v( l.-A )+'. 
r; 1 T 7 « ■' f S I \ ( Y J / A -J ) 

8619 2 
* K (   I  ) 
12 0^4 
* R (   ->) 

7 '* h C S 

"MS) 
791 3^ 
0 7616 
13245 
r.0.1 Vi   T l    10 
.6 

1 (Y.HFL » 
?(Y.HEL) 
Di-L 
*"EL 
?ü 
= 1,6 

3( YtDEL 1 
4(Y.DEL ) 

= E 

-r 

41 

A2 
L= 
TO 

0. 
T =1 , 

( 2*1- 
(2*1 ) 
(2*1- 
(2*1) 
«(CT-, 
*!FT0 

TPL+W 
RN 

3 
1) 

I) 

(AR,XÜ,YJ,YH,J,TH,Xl)+FTR(AP,X0,Yü,Yt-,J,TM,x2)) 
(AP,XO, ■ 0,YH, J,TH,Yl)+FTRtAP,XO,VO,YHf J,THfY2n 
(I )*(C+0> 

i 

/ 
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H"~f'":> 

n-- Oku   iv 

0001 
0002 
0003 
OOO^f 
000 5 
ÜUL)6 
00U7 
0008' 

L -\Jrl      ?\ CT« DATr   =   TAK«? 

ci'MCTI.^.'   ^TK ( Ar- -XO, Yt), Yl-t J,TH,X ) 
GS=FSPAN(X,J,YHJ 
FTA=4P*SIN( 1.5708«X)-YO 
FTA2=FTÄ*FTA 
Z02=(l.-XO)*< 1.-X0)*^IN(TH)*SIN<TH» 
PTP = .3c;- 7*r,s*ETA*CnS(TH)/ (ETA2 + Z02) 
RrTURN 
ENO 

21/55 

•T. 

4 

/ 

t i^i^aäM^MiawHSi?»^^^ ; : ■■■■■*.^w»^i>i*^**^M^^^ 
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o 

r" 

r r) /j N; =     7M4' 21/55 

ÜÖJ1 
'~~U0V2 
000^ 
000H 

000 5 
0Ü06 
J007 

' 000 8 
0GÜ9 
0010 
001 1 
001 2 
001 1 

~ UU1A 
001 5 
0016 

' 0017 
0018 
0019 

I 

I 
1 

1 r 
I 

r, 

2 f 
I 
I 
I 

(■; 

i c 
T 

I 

K 

i ■■ji" 

F(N 
F IN 
F(N 
n^ T 

F ( •• 
F (<- 
n r 

ru. 
F( ,' 
r( / 

T 

ONT 
MA 
FU 

FTU 

- ,, , 

.F,3. 

.( Q. 

. r o. 
I 'Jir 
.LT. 
.("•■', 

n  ^ 
IMif 

INUE 
.LT. 
. G - . 

I)GC    TT   1 

2)0 3   TO   ? 
i )r,ri   rn   ^ 

YH) (.s -r rC ( I 
r'j   ^="rS (l 

YH) r,s=r rs (1 
YM)f.<; =ri^ ( i 

70a - ( /+ 1 , 
7 0 ^ * ( A - 1 

) /(yh+ ] 
)/ ( YH- 1 

) l/tYH+l .) 
I l/(YH- 1.) 

57J8rt(A + l.)/ (YH+ 1 .) )/(YH+ 1 . ) 
5700*'./YH)/YH 
^ ( i * ^ . 1 A I ( ) 

YH)GS=3.*CnS(4.7l24»(A+l.)/(YH    1.) )/(Y(-+l.) 
YH) G,: = 3.'»rnc, (A. 712^*( A-l. ) /( YH-1 . ) )/( Yh-1 . ) 

Müu*mMtfWf i . ^'.^^.i^^i^Uic^^'^M^^L^u^^y^* ■il-,t^'t--rV(uä^M^',trnai,'mMäitiYfl^fi -^•i^^^^.'a-V--—^-"^^■«•'^^■^^-—.-;ii^-WvJ^^^^^^v.i^i^^^1.~^^i^^^-k^x:.?.d^ 
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n PV^L M TAUS D /■ T L 7 A 1 ^' '1/55. 

'.) iJl 

001) 2 
0003 
0004 
OOOS 
000 c 
0JO7 

0008 

0009 
0010 
001 1 
0012 
0013 
0014 
0015 
DO 16 
0017 
0018 
0019 
00? 0 
002 1 
007? 
00 2 3 
UJ24 
01)2 5 
0026 

00? 7 
0 0? 8 
0 0? 9 
-OOTO 
0031 
0032 
00 33 
DO^ 
0035 
OOTB 
003 7 
0038 
00? T 
0 04 0 
T041 
-Ü04? 
0043 
0044 
0045 
004' 
0 0 4 7 
004 8 

.:C(l2),TAU(12,2),P/iT(20,13),/>MS(l?),A(12) 

CHORDWISE   AND   SPANWISE 

-rnu(1,1)/CC(1) 

-CCU(I ,2)/CC(l) 

S'i-u   -in {•;;    T u^ (^ IC , J-'S ,NSr, CU'.CPf H .TAM, M 

DIMENSION   TL(?0) 
DIMLNSION   rOl1 (9,4 0) 

REAL   MUliMU2 
^0   ?0   1=1 ,12 
MI )=0. 
TALK I ,1 1=0. 

20   TAU(I,2)=0. 
F1PST   MDHE 

N=NSO-l 
CüT( l , l )M 
PAT(1,?)=1 

PM(1 ,^) =1 
no   1    I=2fN 
RATd , i) = i.-cnu{i ,I)/CC(1 » 
FAT( i ,2) = i.-cau<i,i-i)/co(n 

i PAT(i,3)=i.-ccu(r, 1*1 )/co(ii 
CAIL   r.LS0(RA7 ,ANb,IL,N,2,BUG,0.,0.) 
A1 = .5^ANS< 1 ) 
SO = SORT(fll»/Sl*ÄNS (21) 
MiJ^Al-SQ 
MU2=A1-^Q 
TALH1 fl)=ALCGrMUl )/H 
TAU( 1, 2) =ALnr,(MU2 »/H 
no 2   l = l,rv^D 

2 A m =A(i) ♦().-cam ,i )/cnn )-MUI**I)/(MU2**I-MLI**I ) 
A(1)=A(1)/NSD 

SFCOKD   MOHE    CHORDWISE 
OP   5    II=1,NMS 
J-NM^ ♦■I 1 

FATfi.1)=1.-.5*C01H Jf 2)/CC(J) 
RAT\ 1,2)=1. 
RATd, 3»=l.-COU(J,2)/CO( J) 
00   3    I =2 t   , 
PAT(T , i )=   .-rnij( j,y ) /CC{ J) 
P AT( I, ? J^i .-nu (J,I-1) /Cn; j) 

3 PAT(I,3)=l.-Cru(J,H-l)/CC(J) 
RAT(2,?)=RAT( ),, I) 
TALL    r | S Q ( P fiT , A NS , I L , !\ , 2 . BUG , 0 . , 0 . ) 
A1-. ^«AN'SC 1 ) 
SO = SOPT ( Al^/'. ] -^AMS ( ?) ) 
►1(11 = A! +^0 
Mli?= Al-""^1 

TALK J, 1 )=ALnf-(MUl )/H 
TAU(J,2)=ALCG(MU2)/H 
A( J)={ 1 .-.5«r0U(J,2)/C0( J)-MU1)/(MIJ2-M,U1) 

rc 4 i =7 .N^ 

4 A( J) =4 (.!)+( l.-CrnCJ,!)/CQ(J»-VL-1**1 )/(MU?*« I-f'Ll'M ) 
5 MJ) = A fj l/'-'SP 

RETURN '   • 

..^..^^K^^^^.;^^,.^^^.^^^..^^..,^^^^^^^..»-.^^^^^ 
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'1 

0 )? 

O-'i ■? 

,1, t 

.V, r^ 
00 6 
Ü07 
OOB 
)0 > 
M .) 
' 1 1 

31 ? 

J1 ' 

G15 
)16 

■ U  1 

il - 
ül   • 

3? 3 
ü? 4 

or '* 

■j ■ J 

• 0" ^ 

) • . 
J   ■' 

O1 F 

" C.'-' S' 

-•7        =    l^\:'- 
'; (>■ 

. i. - • i ■       I  r ' 

I TY'ST- ■■) 
;' I "^ ' ^ ! i ■.   "    ( I ? ) , •) -: ' ( I 2 , ? C ) , i; S^ ( I ? , ? C > , U S c ( 12 , 2 'J ) , T S ;(' C ) , T > 'M 7 C ) , 

i T c - ( ^.i) , ■- ■- ( ^) , i- v < s ), r iij (q, ^o ) , L '" I (? t 'tU I 
Y"- I .-I '  '.'  -"'i^) / ■ • 

yHT = .t ^.,-  I " l-- ' ■'^\ ••( Y»') 
r-U    c • (    - , V» T ,;«■. -),

r'- ,sv) 
<;:;=<" )mM/?.) 
HI  = I .-'-'/•'. 
H ?= ■   . +H/ '. 

/   H-r-c; 1    ( i . •  7C i + /. - r !-j(Hl/H?)*Hl*?.'ISr/,-|2*-*?Wt-l-,.-H/Hl 
;<;.tr=/   | ( ■' _ 7 , « M / H1 

?M u =-.'>■ '   ir ' '-H ?    »^f 1 . • ^T*H*H/H l*. ^*H/H1 

- IF bT    '•'V)-     CHPRr.WISf " 
MS1- ( I , ^c    ) -?.^r ( 1 K-i. 1 ^16MCLU (1 .NSD + l .b* rCL ( l/xiSDJ-COLI I.^JSC-I 

I ) )/H) 
uc-"( 1 ,' r ^ -•,.-^c (I ) M .57üP«(C^)( 1 i*1 sr l-.s* COl ( 1   \ICL- )-Cn:( 1 .r.s':-!) ■ 

1 ) /'I 
II<:.!-{1 , 1 ) = 5. »c r ( D «,( T. ^iAirjjiji i , 1 j + l.^^C WJ( !♦ 1 I ) 
US^I 1 tn-2.*SP{ U«n .5703*CnU{l ,l)-.25*CWJ(l,l)) 
|JS?( I, I) =L.?,F( l,l) + i,.*^;:(l)*ZU,::C*(rv>J(.,?)-CW.J(l,l))/H 
'JS^l I, 1 )= )SM( l , I )4-2.*S!:( 1)*( ZSMC*CW.J (\, U + ZL'1€*(CWJ (1 ..2>-Cv.J(l ,1)) 

1 /u) 
'IS- (  1 , 1 )-■-•' (  1 , i ) »(»< M-ÄHf?V( i) /^F ( I ) ) 

•Jl ^.r ~-l 

Mn^c i, .j)r,-). ACC ( i ) «30^i5«irnH( i .jj + i.s^lI'lljC 1 , Jf U-Cp')(l, J-IH /(2. 

i    I^M i, n^?.*'^ ( DM .sro'eMrnun i J)-.^'!('."n.n i, j*i y-rn, (i,,j-i y >/ (2.* 
■    M)   ) 

A - (     /-..!■  ^ u    '^i ,[; ■        r r r r T 

Ucc( 1 ,  45     ) = Jr- ( 1 ,N=iP) ♦■?.:>'SP( n^/J-C* (CwJ( 1 ,N^r)-rwJ (1 ,NS3-1 ))/H 
L^'-Ml , V

11ST)=|IC,P ( l ,NSr} *?.'«SF (1 y-CZSMC+Cwj« l,NSC)+ZLMC*(CKJ(l »NSHi -C 
iw j( UNS' -u y/H) 

)c  (1 .-^   y-■i'- M , ■•-":r) M '-"'M --»;-■+-■-■( n /"^t n ) 
■ 1 -' :"-i 

- j - r, M 

i^c( 1, D-n^ri 1, j )»?.*SP( n*z,)FrM(;w m, i+n-cwoti ,,j-in /(?.*")       ■'■ 
';r * ( 1 , I) =')'-, v( L,j) 4.7..t^c (U* (ZS' C'C^J (1 , J i ♦ZU^C* (f.w.l ( I, J + 1 1-CK J ( I , J ' 

i -1 ) y / (^, - >-y y 
-1  IJ:.: (i, 11 ="■•= r (i, i) > (■ sL---D*ri'-' 11 y /sr (i)) 

■v ,     •   ■     ■ ri      r" 1 ■'■.-! S1^ 

11 = !+; "r 

'irr ( 11 , 1 ) ^2.'--S' ( ' y ■■'. 7c^^*rrj( 11 ..M /( 2.J=H) 
i K • (! i, i > =.r - ir. n p.i )* .iK-j^+r 'j (i;, ? y ^.t •■■-• ?. •r- (i y 

■ ' ■ i' i ,! ) - '■ • ( p , i ) ■ (•■■<; i -A- + ■" (i y / ■' ( n ) 
■ ' ■ ( : i,      )=-.'-!')'. ^ 'r.<(" (  -  MI i ,\s~y-    11 ii ,K r"-i i y /'' 
'■'.  (M,      i--.■■-'^ ' i' i, ■ s - y +. ^ "-^ ■"   (Ti,-';   )-;;.-c"(i) 
i -;    ( ' l ,'  ;" l ^ : c r  ( ' I . N : ~ y - ( ^ M - ^ " +' '•■ ( I I / ' f ( T ) I 
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1,) < . •■ ( ' 1 

ICKO l   .••" t  ! 1 

iö^l 1^(11 

i 'C ;   /   ; i 

' }--, ■ '    ( : 1 

lO'fS "ir  4    j 
i )H 7 T<:- ( j) 
<.)u  1 T Y -' ( J ) 
. w Tr-.( i) 
, 1 Lf        1 

1  V   1 '1 - I+' 
K)S? Tr( ( .1) 

lOt) j TY '( ,) ) 

)0!;^ ■'♦    T r. ^' ( J ) 

)0ST c = T 11; ( 

U>c b 

i;. T i /^ 21/5t:/5-i 

..)=•.    ■■ ( : ): . M', , • ( ■    ■( i l , > l-.'^ ■■' MK n ,? ))/ ( ;. 

. ? ) = . s-'jsr '  1 1 , ? ) + . 7'lb^'"   'i!( I 1 , ? I'/.^M I) 
, /) =>' ^r ( n , ••) ■>! -r- L - A ■- ♦,; v (i ) /c - ( n ) 
= ^, ^ 1 
, J j = r.  '"MU   .,'" ^ t •? (r. ■   ( 11, ) n ) -' r' (11. J -1) ) M : 
, I ) ^. ri     •■ r' ( I l , I ) + . /S^'t-'.' ;i'( I I , ,l )-r.*r r( i ) 
. I ) ^ I S ■  ( ' I .  I )  • ( " ^ L - ^ H + ■• '■ ( I ) / S -' ( I ) ) 
-I .,')r; ■" 
= 'i'M 1, I) 
^'J^'-M 1.1) 
^;rr (i , j) 
M ,• • ^ 

-T''.r( J) H)ct ( I 1 , J ) 
= TYw( JIM'SM 1 1 , J) 
-T ^( J)+li«-P ( !1, J ) 

•H) 

.^:.r:^...*^^^iSia!^^UcLh^Lr^l*^^^J^^^^;j^MC*^^ 
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■ t- T (. 7 A 1'-. '7 il/55/53 

- Ml 
100? 
100 i 

lOO^t 
IOJS 

)0ü8 
iQUQ 
101 0 
101 1 

■ HZ 
i M ^ 
10 Ut 
'015 
)Ü16 

C ) ■ <. u 

riMf 

^r   i 
r. n ^ ^ 
i r. <" r 

;.';" = 
MO    2 
"p 1 = 
BP 7 = 

'. N c = 
t ^.'■,^ 

S11 ' I 

PM» I 
RFJIl 

fcNr 

-in 
N? I  1 

? 
1 = 1 

-1 .+ 
:). fi 
o. «-^ 

J=? 
--1.+ 
-1 .♦ 
M -♦ 

)= t- 
) = tR 

<■; {'- , Y^•,^-■■s,r^- •1 ) 

"I 
. *rc;v (ftp^ ,YH ,1 , I ) +0. 

. -. c .-> ('u; , Yh, I . 2) +0. 

,9,? 
J*HI 

(J+l)*HI 
?.ftecs(HM ,YH, I ,1 l+'+.^FS^ {PP2.YH, I , 1 ) 
2.«FSojnPl,YH,l,?)+4.*cS-(aD?.YHfI,2) 

«HI*Avr*.5?3ft 
*HI*ANM*.2618 

— ■■f-f---'-'   
 ■ '■      '■ ■  ^ ^^ ■ ! ^l—  — ^ : ..  .-      .- 
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753 < 

If ^ 7 '• 1 V ^ 1 / c, 'J / 5 3 

)00? 
'OU^ 
)ÜC4 
■ Or = 

■Oi < 

'0 1 C 
0' 1 

■öl: 
U 1 -- 
01 ^ 
iGlS 
^016 

01 7 

"M   • '   ■• ( Y ,Y". I I , IJ1 
-( Y.l T. YV')r-r   Tr    1 
F ( ! 1 . ;r- .2 )(. '   T

l"'    1 
'I I 1 .'.( .1 ) r<" -S P  (1 .'WJf)" ( Y-l . )/ ( YI-- 1. J ) 
= ( 1 ! .    ">. 1) '" r~ = ^ ! " ( ^ . 7 1 2 ^ ^ ( Y- 1 . ) / ( YH - ) . ) ) 

-(Y.i   ' . Y i   ) -"■f = r I ^  ( 1 . 'W Ü j - Y / Y h I 
F(Y.r,-.0. ) -.^-^l N(Y»3. 14161 

re    T-     7 

•"A^ 1  .( 1 .r 7J' '( YH . ) /( YH* 1 .) ) 
!'( II .-'.M"r =«: '"(A.^l-XHY+I. 1/ (YH+1.) ) 

j    r M» T ] K' |f 

I^C FJ.-(. . 1 )!:Sc = r.S*rGS( I .5 7G8*Y) 
IF(IJ.cO.?)rse=nS*SIN«3.l^l6*Y) 

iiii^i^>aawiti#t«^i'fiiiaai.^ .-^-dk^S&äa^ii 
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■/ I 

o- 
).". T r   7^.1 ^c 21 l^bl^ 

1 I, 1 

'002 
IÜU1 

i; '; 

)i. '• 
i0u7 
001 

IOÜ^ 

0 10 
01 1 
)1 ? 

0 1 ^ 
014 
015 
016 
01 7 
oi n 
J19 
02 0 
021 
022 
07 3 
T?4 
)25 

026 
027 
02 fl 
02 0 
^ 0 

OM 
032 
031 
034 
0-5 
s'lc 

0-J 7 
03 R 
039 
04 0 
04 1 
)42 
14^ 
04 4 

4 

31 

JO 

51 

SO 

r i M1- 
1,1 M - M 

I L=l 
' r   ^ 
II (J 
I -1 
nn   3 
11=1 
t r,   ^ 

■'1=S 
^ = u 
C=A( 
np 5 
T2 = C 
ß( J, 
MI, 
LI =1 
TONT 
IF( A 
II (K 
I =1 + 
f  NJT 
X( ^ 
I 1 = M 
nn ? 
x( I) 
rp T 

IP I ! 

LL=I 
I=IL 
r r   ^ 
CrC + 

X( ! 1 
II = 1 
IFd 
A LDH 
GO T 

I=U 
'I op 
: r TI 

rfgo 

NI r i'  o   .' (? G , ro , X ( I 2 ) , I L ( 2 0 ) 
+ 1 

J = 1 , '•■' 

K = 1 , V" 

fl 
J=II ,N 

r,^(A(J,«<n-rl)4,4,6 
Ji- T( ( A ( J,K) )**? + ( A( I,K) )**2 ) 

.1 , K ) / T i 
I,K)/T1 

L=K,VK 
-4( I ,L )+S»A(J,L ) 
L) =-S«' (1 ,L)+C''A{ J,L) 
L ) = T ^ 
H-l 
IN'UF 
F'S(/ll I,K) )-E2)3,3, £ 
) =1 
1 
I Mit" 

) = - I  . O 

5    1 = 1,'' 
= 0.0 
0 J^l,'-' 
1 ( 1 1 ) ) 3 0 , ^ 0 , M 
0 
IM 
(II) 
2 K = U  .K-' 
i (   I , »< > » X ( ^ ) 
i =-S./M i,in 
i-1 
L ( "•') ) 50 , 5 1 ,,: 0 
A =0.0 
n 52 
( V ...) 

1 -1( 1, '■") 

GL' 
GL' 
GL' 
GL' 
GL' 
GL' 
GL' 
GL» 
GL' 
GL! 
GL' 
GL' 
GL' 

GL' 
GL' 
GL' 
GLf 
GLI 
GL: 
GL: 
GL, 
GL: 
GL: 
GL5 
GL: 
GL: 
GL' 
GL: 
GL: 
GL; 
GL' 
GL; 
GL: 
GL: 
GL; 
GL: 
GL: 
GL; 
GL: 
GL' 

^ssKuam^Mi^a^^ iifliimiBmMim^^ 
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tl< 

SAIL-RUDDER INTERACTION RESPONSE PROGRAM 

INPUT: 1)    Vehicle Geometry 

2) Trailing Vortex Sheet Angle 

3) Exponential Approximations to Circulation 

Response of Sail 

OUTPUT:        1)   Step by Step Forces and Moments on Rudder 

due to Unsteady Sail Wake 

rtfMmgi^Mif^^^ ^'a'(a>'Briihifiiiii^ 
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82< 
IV !  ;  V '" 1 /I MA IN DATE    -     T-iZbty II < 

•'» 

6 

7 
9 

0 
1 
? 
3 

5 
6 
7 
8 
■9 
0 
1 
P 
3 
^ 
5 
6 
7 

Q 
1 
2 
3 

6 
7 
8 
q 
o 
i 
? 
3 
A 
b 
6 
7 
8 

r:(v",\SlrN   XCiü) ,fT(AÜ) ,CP(^0, 21 ,RVP(2Ü,2) ,f)W I (40,40,31 
ni«F\SI( N   I'WP (40,40, 3) , DWR1(20. 13) ,OWR (20,13) .l1. { ^0) ,CÜL I 1 ? , ^ : I 
D F f FNSICN   S F(5 J,RM m 
D I MPNS I (N   PUF ( 40) ,Pl)M(40) ,RUR(40) ,FM( 3,40) ,CFM(3,40) ,üFM(3,iV0 I 
ÜIMFNSICN    IL(20) 
SFAOIOO ,NVr ,NMS,NCPC,NCPS,NSD,NX, TH,RHR ,PHD,ftL,HCP,KHS,rtSL.PGW, 

1RN 
100   FnPMAT(6I5,9F5.3J 

REA0110,FVS,A,T1,T2 
110   F0RMAT(4F12.4) 

NPTS=NCPC*NCDS 
NMnS = NMS1KNMC 
READ2Ü0,(CP(I,1),1=1,NPTS) 

200   FORMAK 16F5.3) 
ARR=.5*(RRD-RHP)*(RRD«-RHB) /RRD/HCR 
Y1=1.-(RRC-RHR)/ARR/HCR 
ARS = .5*{PSL-PHS)*(RSL4-RHS>/RSL 
YH=.63661S7*ARSIN(Y1) 
PQ    1    I=1,NCPC 

1 CP( U( I-n*NCPS,21 = (Yl*.l)*ÄRB 
DO   2   I=1,NCPC 
DO   2   J=2,NCPS 

2 CP(J+( I-l)''NCPS,2) = (2»J-3)Ä.5*ARR/(viCPS-l) 
R0R=RRC-APP*HCR 
ROS = ftSl -ARS 
00   3    I=l,NPTS 
RVP( I, 1 t=CP( I ,1)*HCR + RL 

3 KVPII,2)=CP(1,2)*HCR^R0R-R0S 
X ( '. ) = 1 . 
PTj1)=PSL 
CAIL   WCKBCV«,STERN,X,RT ,NSD) 

925   FnRMAT(«0,,2X,E12.4,2XfE12.4) 
CO   4    1=1,NPTS 
X0=RVP(I,I( 
YO=RVP(F,2) 
CALL   UTRLD(XO,Yü,TH,X,ARS,PT,lfNXtNSDfI,DWl,RHS,RSL» 

4 CALl    UPND(XO,YO,TH.X,RT,ARS,1,NX,NSD,1,DWB,RHS,RSL) 
DO   5    I=1,NPTS 
PR INT 300, (DWF ( F ,J,1),J=1,NX) 

5 PRINT 300, (CWH( 1 , J,I) ,J=I,NXi 
r.O   6    F = 1,NPTS 
XO=CP(I,1) 
YO=CP(1,2) 
CO   o    FJ=1,NMC 
HO   6   J=l,NMS 
RWP1(:,(FJ-1)"NMS+J)=SFNT(X0,Y0,J,1J,ARR,YH) 
IK U.FQ.l )CWPl( !,J)=rlWRl(I,J) + TRL(ARR,YH,J,XÖ,YO,0.l 

(    f t N T F N U E 
P R F N T     . Q 

9)0   FORMAT!»0',?Xt'STATEMENT    1') 

Tt 

^i.^v.c™,,.^l,..y<.^.^M^>.^.r,,^.!^^^ MAiis^^^i^lixAKä^tftf^^ 
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e3< 
«AN    IV   (,   l EVFl       2i VMN DATF    =    7A266 17/3 3/18 

0 
1 

3 
^ 
5 
t- 

7 
r 

0 
1 
^ 
3 

<!» 
5 
6 
7 
ri 
9 
0 
1 
2 
3 

<+ 
5 
6 
7 
.3 

0 

I 

3 
4 
S 
6 
7 
P 
1 

0 
I 
? 
3 
'-, 

6 
7 

10 

4Ü0 

«550 

350 

375 
11 

300 

13 

12 

380 
1A 

PC IM')25,(X( 1 I ,PT( I ) , 1 = 1 ,NS0) 
Or   7   1 = 1 ,NPTS 
DWRK I ,NMDSM l=DVv8( 1,1,1) 
Nt=NMnS+l 
rn 7 J=I,NF 
CViR( I , J)=0WR1 ( I , J ) 
C4L1    Gl SC(DWR,R, IL,NPTS,NM[)S,PUG,U.,J. ) 
DÜ   8    I=l,NHOS 
COU(I,1)=B(I) 
00   9    I=2,NX 
0Ü   10   J=1,NPTS 
DWPK J ,KMÜS + 1 )=ÜWR1( J.N^DS+DtDWHt J, I ,l)-nwB( J, I-l, l)+rWMJ ,1 ,1) 
0WP(J,KMCS*1» =OWP L(J,NM0S+1) 
CC 10 IJ=1,NMDS 
DWR(J,IJ)=DWR1(J,IJ) 
PR1NT400,I 
FORMAT( »C» ,5X,,DCWNWASHES AT STFP'.m 
PR INT 3 00,(CWR( IK,NVDS + 1),IK = 1,NPTS) 
CALL GL SQ(DWR,B,IL,NPTSTNMnS,eUG,0.,0.) 
DO 9 IJ=1,NMDS 
COU( IJ, I )=B(IJ) 
PRINT950 
FORMAT 1 'O' ,2X.'STATfcMEMT 2,l 
PRINT92 5,(X([ ) ,RT( M , 1 = 1 ,NX) 
PRFNT350 
FORMAT!«O1,2X,'CIRCULATICN RESPONSE OF RUDDER TO UNIT STEP») 
CO 11 l=l,NPDS 
PPINT375, I 
FORMAT« «O« ,2Xf'MOOfc« , 1.21 
PPINT300,(CCU(I,J»,J=1,NX) 
FORMAT« «C ,2X,l0tl2. ^) 

CALCULATE FORCES F. MOMENTS 
CALL SR(ARR,YH,NMS,SF,PM) 
CC 12 !=1,NX 
RUF(I1=-C0U(1,I)»3.1416*2.«SF(1)'HCR»*2 
RUM(1! = 2.*SF(1>*I.57 08«C0U(1, I)»HCR** 3 
RUR(I)=-CCU«l,n*3.1416i'2.»RM(l)*HCR4*3 
CO 13 J=2,NMS 
HUF(I)=RUF( I)-COU(J, II*3.1416«2.*SF(J)*HCR**2 
RUM( H=RUM( n+2.*SF( Jl*l,5708*COU( Jtl)*HCR**3 
RUR(I)=RUR(I)-3.14l6r2.*RM(J)*C0U(J,n*HCR**3 

SECCNC   MCDE   CHOROWISE 
CO   12   J=1,NMS 
RUM( I ) = RUM< I >-.78t>^*C0Ul J+NMS,I ("»2.*SF«J)=*HCR**3 
DP   18    1=1,NX 
RUM( I )=RUM( I )-RUF( I ) *RL 
PUP( I )=RUP< I )+PUF« 1) MRRQ-ARR*HCR) 
PP INT 3B0 
FORMAT« • 0' ,2X , '    FORCF    RTSPONSF    CF    RUDDER    TO   UNIT   STFP«) 
PRINT390,(X(J),FUF(J),RUM(J),RUR«J),J=I,NX) 

., „.-^.^Vl^U-^-^iirttM&^VSii^ 
^si^i^-ävx^JüJ^^^itiMU^ 
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.< 

1 V I f VFl ?1 MA IN OATE    =    m<!bü nn 
E12.4,2X,•$? = ',E12.4,2X,,YM=«tEl2.'.,2X RM Fl 

4 
ü 
1 
2 

A 
5 
6 
7 
9 
9 
0 
1 
2 

-■> 

'QO   Füf-MAT ( «O1 i 2X , »X 
12.A» 

CO    15    1=1,NX 
FM(1, I)=HUF ( F > 
FM(2i i )=RUM( I > 

15 FM( 3,  I | =RUr} (  I  ) 
H=X(6)-X(5) 
DO   16    1=1,3 
CALL   DFRYINX.FUFM.OPM,1) 
CALL   CPNVtNX,H,DFM,FMfA,Tl,T2tCFM,I) 
00    16    J=1,NX 

16 CFM(I,JlsCF^iItj)*3.1416*FVS 
PP INT395 

395    FORMAT ('Ü' ,2X,'CONVOLVED   FORCE    d   MOMENT   RESPCNSEM 
PRINT410, UdKCFMd, 1) ,CFM(2»nfCFM(3,n , l=l,NX) 

410   F0RMAT('0,,2X,,X=',F12.4,2X,,SF=',E12.4,2Xr'YM=«,2X,F12.4,2X,•RM=' 
1,F12.4) 

STOP 
END 

^^^^.^*«~^,;:~;L.,^^^^^-.^.,.*.^J!!<1:^^^^ 
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85' 
p ^ v r, i t vr L .'i INT DATt = 74^66 17/33/18 

1 
2 
3 
<» 

b 
7 
fl 
q 
o 
i 
p. 
3 

5 
6 
7 
a 
9 
0 
1 
?. 
3 
^ 

b 
7 
8 

0 
I 
2 
3 
't 

5 
6 
7 
8 
9 
0 
I 
2 
3 

6 
7 
.) 

q 

0 

Fu 
[ I 
Z I 
12 
I i 
I'-, 
ZE 
R( 
I-, ( 
ß( 

R ( 

R| 
RJ 
W< 
k( 
w( 
IF 
C 1 

no 
Al 
E ( 
F ( 
ei 
P2 
fcT 
FT 
Cl 
C2 
GO 
Cl 
n? 
on 
Al 
t ( 
I ( 
HI 
B2 
ET 
FT 
C 1 
r? 
Gl 
G2 
DC 
JJ 
( J 
XI 
X2 
Yl 

NCTl 
MEiNS 
( 4,8 
(A,8 
{ A,d 
(A,8 
TA=. 
1 l = . 
2)=- 
3) = . 

S) = . 
6)=- 
1) = . 
2 l = . 
3> = . 
(ZET 
= ZtT 
= 1.- 

1 I 
= R( I 
I ) = l 
I ) = Z 
-F( I 
= FI I 
Ai = a 
A2-A 
( I) = 
(11 = 
TO 

= 1.+ 
= -1. 

't I 
= R( I 
I ) = Z 
I l = Z 
= E( I 
= F( I 
ai = a 
A2=A 
(11 = 
( () = 
= C. 
= 0. 
2 

ION 
)=8 
) -- B 
) =A 
>=B 
636 
238 
1 .* 
661 
1. ' 
932 
I.* 
467 
360 
1 71 
A.L 
A 
ZET 

= 1, 
) 
l( A 
2( A 
) 
\ 
B « S 
P«S 
C IN 
C IN 
5 
ZET 
■*ZF 
^1 , 
) 
3( A 
MA 
) 
) 
R*S 
R*S 
C IN 
r IN 

Si NT 
R (6 
Ml. 
' ( 1. 
•( 1. 
• ( 1. 
6197 
6192 
«m 
20S4 
R( 3) 
4fc9S 
R(5) 
9139 
7616 
3245 
T.O. 

A 

6 

1,ZETAI 
I,ZF1A) 

( X , Y , N , •" , A R , Y H ) 
) ,E(6),W(3 ) ,F(6) ,Cl (6) ,C2(6) 
+A)-l. 
-A) tA 
+ 8 ) + 8 
-a)+i. 
'•ADSIN(Y/AR) 

JGO   TQ   ^ 

IN(1 .5708*Bl)-Y 
IN(1.570a*B2)-Y 
T(X.FTAl ,H) 
T( X,FTA2 .M) 

A 
T.A 
6 

I ,ZF TA) 
l,Zf TA) 

IN(1.5700*81)-Y 
IN(l.5708*B2)-Y 
T(X,ETA1 ,M) 
T(X,ETA.?,M) 

11 = 1,3 
= 2« 
= 2» I 
= ?( 1 
= E( J 
= F( I 

I I 
1-1 
J I 
J ) 
J) 

■'i 
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e.G< 
VI  ! V f. [  t  V':l ;; i S INT HATF ^?6 6 17/ 

I 

3 

7 
8 
q 
o 

Y^-P(JJ) 
W1=C1(iJ) 
^2=C1(JJ) 
Rl = C2( IJ ) 
R?=r.2( JJ» 
Gl = Cl+W(n )M Fl(XltY,Wlf AHtN,YHUFl(X2,Y,W2frtR,N,YH) I 
G2 = G2fW(II)^(Hl(Yl,Y,Rl,AP,N,YH)*c-l(Y2,Y,R2fAP,,N,YH») 
SINT=(Gl*0l*G2«D2)*.19635 
RETURN 
END 

M^W^ ■».■,--.--.a ,^i^ä.^a» 
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e: 
AN    IV 

10 

?c 

/I 

FUN 
r p' 
Zl( 
Z2( 
ZM 
/A( 
DFl 
R( 1 
P (2 
R(3 
R [i* 
R {b 
P(6 
W( I 
W(2 
W(3 
IF( 
no 

F( I 
F( I 
Al = 
A2 = 
GO 
on 
Y = R 
F( I 
F(l 
Al = 
A 2= 
CIN 
DO 
Xl = 
X2 = 
Yl = 
Y2 = 
D = A 
C=A 
CIN 
RET 
FND 

CT I 
ENS 
A,n 
A,B 
A,B 
4,R 
= .6 
) = . 
I=- 
)=. 
)=- 
( = . 
>=- 
)-. 
)=. 
) = . 
DFL 
1 I 
( I ) 
)=Z 
) = Z 
1.+ 
-I. 
TO 
2 I 
(I ) 
)=Z 
)=Z 
DFL 
l.- 
T = 0 
3 I 
E(2 
E(2 
F{2 
F{2 
l'( 
2*( 
T=C 
URN 

CN 
It N 
) =A 
)=9 
)=R 
)=B 
366 
238 
l," 
661 
I .* 
932 
1 . « 
^67 
36C 
171 
.GT 
= 1, 

CIM 
R (6 

Ml. 
Ml. 
Ml. 
Ml. 
19 7" 
6192 
R( 1 ) 
20<54 
R( 3) 
'ibS'i 
P.(5) 
9139 
7616 
32^ 
.0. ) 
6 

r INT 

U.ETA.M) 
) ,r (6),F(6) ,W(3) 
+ B ) +R 
-A)*-l. 
+ A)-1 . 
-A) + A 
ARSIN(X) 

DATE 7A266 17/33/18 

GO   TO   10 

KY.DEL ) 
2(Y,DEL ) 
DEL 
*OEL 
20 
= 1,6 

3<Y,DFLI 
4IY,DFL ) 

DEL 

= 1,3 
* 1-1 ) 
M ) 
* 1-1 I 
» I) 
FC (XI ETA,X,M»+FC(X2.ETA,X,Ml) 
FCCYl ,FTA,X,fM+FC(Y2,ETAf X,M» ) 
INT + Wd I*(D+C) 

.........-,..—■■-J
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es- 
[■ \N    IV Lf Vf-l ^'l rr DATF   =    74.'o6 I 7 / 3 

'1 
■2 

A 
5 
|S 
7 
8 
9 

FUNCI ION   FCU.FI ft.XO.M) 
1F(M.E0.Ü)G=SIN(l.5708*X) 
IF(M.Fü.l)G=l.-SIN(l.5708«X) 
IF(w.F0.2)G=-.5v{COS(3.Klö'X)+SIN(1.5708*X)) 
IFtM.GT.2)G=.5*(CnS(M»l .5708=» ( I . ♦X H ♦COS( ( M-? )«l „ 5708* ( 1.+X) ) ) 
A = SIN( 1,5708*X) 
FC = G,>SORT( ( A-XOJ-C A-XO» + ETA»ETA l/( A-XO) 
RETURN 
END 

i^^JJ^^^.Mk, .-i^-.,»..«'..^^!^ 
r^ij^M^^il^riVPlTrt.ilrt^-iA.ia^'^^^^^^^ 



flg«!Tro^i^WW^piWj^3W7^^ tf^-j- 

&9< 

P AN    1 v Lt-VFL       ?l f;l OATF K?66 17/33/18 

1 
2 
J 

5 
6 

^ 
0 
9 
) 
I 
? 
^ 

5 
6 
7 
8 
9 

FUNCTICN   Fl(4,¥,e,AP,N,YH^ 
IF(N.EÜ. I )Gl";   TO   1 
IF(\.E0.2)r,C    TO   2 
IF(N.E0.3!Gr   TG   3 
CCNTINUF 
IF ( 4.LT.YH)GS=COS( 1, 
1F{ A.GL .YH)GS = Ct:S( 1, 
GO   TO   ^ 
CO.N1 INUF 
IF( &.LT.YH)GS=CuS( ». . 
IF(A.C[.YH)GS=CnS(/.b708*A/YH)/YH 
IF: A.Gv .0. )GS= ^.»CL'SC A-'3.1416) 
GO   TG   4 
CfNTINUE 
IF(A.'T.vH)GS = 3.«CnSl4.7l2 4-k(A+l. )/lYH+l. ) )/(YH+l. ) 
IF( A.Gi .V'-';, GS = 3.-'C0S(4.712'Va ( A-1 . )/(YH-l. ) )/( YH-1. ) 
F1 = H'-GS/(4P*SIN(AT1.5708)-.» 

RETURN 
ENO 

•JTOS-CAfl. )/IYH*l. ) »/(YH+l. ) 
.57 08^(A-l.)/(YH-l.n/ (YH--1. ) 

5708*(A<-l.)/(YH+l.))/(YH+l.) 

a»i^»i^^M3^aatokMaMfagiiti^M^^^ 
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IfO < 

PAN    IV    '",    I t-VFI I TPL LATE   =    l^Ibf- II    i/ie 

1 
7. 

6 
7 
H 
q 
ü 

i 
2 
i 

6 
7 
8 
9 
0 
1 
2 
3 

■5 
6 

:7 
■8 
•9 
0 

•1 
■ 2 
3 

.4 
■ 5 
6 

• 7 
■ 8 
19 
0 

■I 

10 

20 

FUN 
DM 
ZH 
Z2( 
73( 
Z4( 
TEL 
P(l 
i<(2 
P(3 
PC 
R(5 
R{6 
IJ(1 
W(2 
m3 
IF( 
CQ 
Y = R 
E( I 
F(I 
Al = 
A 2= 
GC 
CO 
Y=R 
E( I 
F( 1 
Al = 
A2= 
TRL 
CO 
Xl = 
X2 = 
Yl = 
Y2 = 
n=A 
C = A 
TRL 
VET 
I NO 

CT I 
ENS 
A,B 
A,3 
A,B 
A,S 
= .6 
) = . 
)=- 
) = . 
)=- 
» = . 
)=- 
J = . 
* = . 
» = . 
CFL 
1 I 
( 1) 
)=Z 
»=Z 
I.* 
-I. 
TO 
2 I 
(1) 
» = Z 
>=Z 

i.- 
= 0^ 
3 I 
E(2 
E(2 
F(2 
F(2 
l*( 
2*1 
= TP 
JON 

CN T 
ION 
) =A" 
> =1- 
)=B" 
)=n- 
3661 
2386 
l.»R 
6612 
1 ,»R 
9324 
l.»R 
4679 
36C7 
1713 
.GT. 
= 1,6 

PL{ 
P (6 
( 1. 
( 1. 
( I. 
( 1. 
97» 

n? 
(n 
OS'» 
(3» 
6^5 
(5) 
139 
616 
245 
C.) 

AP,YH,J,XO,Yü,TH) 
1 ,E(6» ,M6I ,li(3) 
+ R)4-B 
-A)+l. 
♦t)-l. 
-A)+A 

APSIN(YO/AR| 

GO   TO   10 

KY.DEL» 
2CV,D£L5 
DEL 
•OEL 
20 
= 1,6 

3(Y,0EU 
4(Y,nEL) 

DEL 

= 1,3 
■M-n 
*T; 
^i-n 
-1) 
FTRrAR,XO,YO,YH, J,TH,Xn*FTR(ARtXO,YO,YH, J,TH,X2) » 
PTR(AR,XO,YO,YH,J,THtYl )-fFTR ( AR , XO, YO, YH, J , TH , Y2 ) ) 
L*W(I )*tC + D) 

afit^j^gaaa^^ m 
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Si- 
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I 
? 
3 

5 
6 
7 
P. 

F'JKCTIl N   FTK( ao,X0,Y0, YH, J, TH,X > 
GS=FSPAN(X,J,YH) 
ETA^AR-'SIM 1.5 708*X)-Y0 
ErA2=ET4*ETA 
?02 = ( I.-XOIM 1,-XO)* SrN{ TH)*SIN(TH> 
FTO=.3S27-GS*ETA«CnS(rH)/(tTAZ+Z02t 
«ETLR'M 
END 

.■-.-■■    ■ . .. ..^i,->j jyAiiJ;..'-.i^-t.'ai;iii-^.iitt^i.,^iÜii'*J.v; fin'-| -'1ir\^V-'i'yr'hi':'tiiitä^\MV^+ü^ 
:^äififätätiMÜ'&n\i\^-'tf^^ 
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i 
2 
3 

S 
fc 
7 

rt 

0 
l 
l 
3 

6 
7 
8 
0 

KJNCT IÜN   t-SPfiN( A,N,Y 
r p (N. E o. n c c  r n i 
[f(N,H0.2ir.O   TO  2 
lFiN.EQ.3>GC   TO   3 
CDNTINUt 
IM A.LT,YH>üS=CDS(1. 
IF{A.GE.YH)GS=CnS(l. 
r,ü   TO   4 
CONTINUE 
in A,LT.YH)GS^c05( i.. 
IF(A.GF.YH)GS=C0S(1. 

n 

5708''( A+l 
5708*(A-l, 

)/(YH*l.) )/(YH+l.l 
) /(YH-l. ) l/(YH-l.) 

5708MA+1.) /ÜYH+l, 
570a*A/YH)/YH 

) )/(YH+l. J 

I,(A.r,F.C.)GS=-2.*COS(A«3.l^l6) 
GÜ   TO   A 
CONTINUE 
IF(A.LT.YH)GS=3.»C0S(4.7124»( A-U, )/( YH+l.) )/tYh>l.) 
iFIA.Gt.VH)GS=3.*C0S(4.7l2Art(A-l.>/(YH-l,))/(YH-l.) 
FSPAN=GS 
RETURN 
END 

. 

aÜÄiaiöÄsiuüüa lüij i^taaMM^i^a^^ia^ 
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I 
?. 
3 
^ 
S 
6 
7 
a 

o 
i 
2 
3 

5 
6 
7 
8 
9 
0 
I 
2 
3 

;5 
6 
7 
8 
9 
.0 
I 
2 
3 
^ 
5 
6 
7 
8 
i9 
0 
1 
2 
3 

■4 

M,ALPHA,cl,E2 ) SURTlUTlNt GLSOt A,X, IL.N 
PIMENSICN &(20f131.X(20) . IL(20) 

LL^l 
no 60 J=I,«K 

6J   U(J)=0 
1 = 1 
CO 3 KM,MM 
11 = 14-1 
on A J= 1 I ,N 
IM ABS( AU,K) )-El)4.4f6 

6    TI=S0RT(IA( J,K) )*='2+(A( I ,Kn<I*2 * 
S = A( J ,K)/T1 
C=A(I,K)/Tl 
CD 5 L=K,MM 
T2=C*A(I,L»*S*A(J,LI 
A(J,L ) = -S*AlI,L)+C*A(J,L) 

5    A(I,U = T2 
LL=LL+1 

4    CONTINUE 
IF(ABS(AJI,K))-E2)3,3,8 

8    1L(KI=I 
1 = 1 + 1 

3    CONTINUE 
X(MM)=-1,0 
n=M 
DO 35 1=1,M 

35  xm=o.o 
DO 30 J-1,M 
IF( IU in)30,30,31 

^1    5=0.0 
LL=n + i 
i = !Lm) 
DO 32 K=LLvMM 

',2  S = S-»M i,K)*xm 
x( i n=-s/A( i,in 

30  n = ii~i 
1F( IL(MMn50,51,50 

51 ALPHA=0.0 
GO TO 5 2 

50   i=IL(fM) 
ALPHA = A( I, MK) 

52 PETUPN 
END 

GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 

GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 
GLSQ 

, ..L-^i-^liKiEi-Äa«;*!» ,C^«.Lv>J.r, L-^-^J^^i^^ 
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3 

S 
6 
7 
8 
9 
0 
1 
2 

5 
6 
7 
8 
<5 
0 
1 
2 
3 
^ 

5 
6 
7 
H 

■ 0 
1 
2 
3 

6 
7 
8 

.9 
0 
I 
2 
_* 

5 
6 
7 
8 

SUB^OUT INfc    U^NOf X3,Y0f T,X,:a,AP,NMb,NX,NSD, ICP,DWB,RMS,RSL) 
riMFNSITM   XI40).KTt40).DWb(40,40t3),Rt6),E(6),F(6»,W(3) 
7 l( A,B,C) = .5* ( AMC-B»+C + R) 
H=X(2)-X(1) 
Za=(XO-l.J-SINIT) 
XOl-lXÜ-l.)*CQS(T| 
CO    1    l=l,NMS 
CO    I   N=1,NX 
IF(N.GT.NSD)GÜ   Tfl   6 
Xtv=X(N)-l . 
RTE=«T(N> 
XH=X(N) 
PH=HRA0(XH) 
/iR^J = ft^*(RTE-PH^/^RSL-RHSI 
y01=Y0-RSL+AR+RTE-ARN 
YHl=APN-RTE+RH 
YHT=ARSIN(YH1/ARN)♦.6366197 

> CfNTINUE 
IP(N.GT,NSD)X(N)=X(N-1)+H 
IF{N.GT.NSD»XN=XN«-H 
IF(YOl.GE.YHI»GO TO 2 
HI = ,1M l.-YHT) 
Y1=YHT+HI 
VINT=FU3ND(YHTfX0l,Y01,Z0,XNfAPN,YHT,IJ*4.*FU8ND(Yl,X01 ,Y Cl ,Z0,XN, 
lARNtYHT, n*Ftl8ND( 1. , XO 1 , YÜ 1, ZO, XN , ARN , YHT , I > 
00 3 J=2f8,2 
Yi = YHH-J*Hl 
Y2=YUHI 

■    VINT = VINTf2.,iFUBND(Yl,X0l,YOl,ZO,XN,ARN,YHT,I )+4 . »FUBND ( Y2 t X01 , YO 1 
1,Z0,XN,MPN,YHT,I 5 
DWB(ICP.N,I>=HI»VINT/3. 
GO   TO    I 
C IF = . 6 3 66 1 9 7* A R S I N ( Y 01 ) - YH T 
UP=YHT+2.*DIF 
IFtUP.GT.l.JUP=2.*IDIF*YHT»-1. 
Dl=(UP-YHT»*.5 
D2=(L.-UP)*.5 
R(l » = .2386192 
R(2)=-U'R( I) 
R(3» = .''J6120S4 
P(41=-l.*l<(3) 
R(5)=.93 246c.5 
R.6)=-! ."R(5» 
W( I »=.•'♦6791 39 
W(2J = .   ^,C761Ö 
W( 3» = . ?. V« 3 245 
00   4    i I = L,6 
ai=RM n 
f n n = /i (Ai,YHT,UP) 

F    11»=Z1(Al,UP,1.» 

äsXu %..,.,.,. ..;,.J':L...■....- ..    i' •rir-fn'riilii'WfflTiirti^fltfiil ^.^:^-^ ^Ai^t^^^jri^^^^^^^^w^^^v^^^i-^«?^^ri/. & 'fl&ää^f^-^^iyfr,^«^^ 
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RAN    I V l^VEt 21 I) rt N 0 DATE 7^266 17/33/18 

9 
0 
I 

5 
h 

1 

Gl=C. 
^2 = 0. 
rc  5   11=1,3 
X1 = E(2'  I I-l I 
X2=E(2' T I ) 
U = F(?* I 1-1 ) 
H2 = F(?- I I I 
Gl=Gl + W( H )M FJBMDUl ,X01,YOl,ZO,XN,ARN,YHT, I > ♦FUBNO ( X2 ,XC1, Y01, Z0 

1,XN,AHN,YHT, I ) ) 
G2 = G2<-W( II »■»(FUBNO(W1,X01.Y01,ZO,XN1, ARN,YHT, ! i «-FUBNOI W2 ,XOl, Y01, ZO 

1 ,XN»ARN,YHT, I 1 ) 
OWB( ICP,N,I > = (Gl-Dlt-G2^02) 
fGNTINUE 
RETURN 
END 

HMMffiHlBH -ir-irT! YMrTiiTJtiirV^n--ViV,rrfnliiliifTiii^^^^^^ 
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I 
<> 
j 

6 1 
7 
8 2 
9 
J 
1 

I ruRNf) DATF 74266 17/33/18 

FUNCTICN   FURNOfY,XÜ,VO»ZO,XNfAB,YH,Il) 
fF(II,F0,2»Gn   TO   1 
!F( I I .f Q.l )GS=SIlSi(1.5708*( Y-l . ) /( YH-1.) ) 
IFm.bQ.3)GS = MN(4.7124*<Y-l.)/(Yh-l.)» 
Gf    Tf;    2 
IF(Y.GT.YH)GS=SIN(1.570B»Y/¥H) 
IP(Y.GE.O.»GS=-SIN(Y»3.1416) 
CONTINUE 
ET4=A«*SIN(Y*1.5708J-Y0 
CFN = eTft'4FTA+/0<'Z0+(XN-X0)*(XN-X0) 
FURNli:=. 125- AP • (XN-XOI»GS*f.PS( I. 5708*Y)/DEN**1,5 
»ETUHN 
FNO 

m 

aafeaii^Mtaaa^a^ite^^ i^iiäiiiiaiiiii^#a; 
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1 
2 
! 

■'; 

i £■ 

6 
/ 
3 

>n 
o 
i 

3 
'* 
5 
6 
7 
rt 
9 
0 
I 
2 
3 

S 
6 
7 

Ü 
1 
2 

3 

.5 
6 
7 

.8 

.9 
0 
1 
2 
3 

6 

SUH^JDT INt    uTRLn(XJ,YO,1,X,AK,t,T,NwS1MX,NSr),lCP,0Wl,RHS,PSL) 
niMF\S!C N   XCO) .^TCfOJ , 0^1 ( ''.O ,^»0, i) ,H(6) ,e( 6) ,F (6), W(3) 
ZKA.g.CI^.S' (AMC-BH-C+") 
PH'I\TlCJ,XC,YO,T,ftR,NNiS,NX,NSD,ICP,R-'S,C!SL 

I ,U.    Fr;R«AT( 'OSAt 12.A,<»I5I2F12.A) 

H=X(2»-X(I) 
Z0=(X0-1.)> Sl\(T) 
XOi=(XO-l.>»CQS(T; 
DO   I   I=l(NMS 
DO   I   N=2\NX 
IF(N.GT,NSnjGü   TC   6 
XN=X(N)-1. 

XC=XIN)-.5*H 
XT=XN-H 
HTC = (OT (M +PT (N-l ) )» .5 
PHC-HRAn(XC) 
APN=:A.<*((RTC-PHC)/(PSL-RHS) ) 
V01=Yü-RSL*AR+PTC-APK 
YHI=AR\-RTC+RHC 
YHT = ARSINIYH1/A(.N)*.0366197 

6   CONTINJUE 
1F(N.GT .NSD)X<, N')=X(N-1 )+H 
IF(N.GT.NSD)XN=XN*H 
IF(N.r;r.\SD )XT = XTfH 
IF( YOl.GE.Yhl )G0   TO   ?. 
H1 = .IM l.-YhT ) 
Y1=YHT+HI 

VlNT=fUTRLD(YHT,XOltY0l»ZOtXMjXT,ARN.YHT,n*4.*FUTRLD(Yl,X0lfY0lfZ 
10,XN,XT,AaN,YHT,I)+F;:TRLDil.,X0 1,YÜlvZ0,XN,XT,ARNfYHT,I) 

CH    3   J=2,8,2 
Y^YMT + JxHI 

Y2=Y1+HI 
3   VINr = VINT*-2.«FUTRLD( Yl,X0l,Y0l,Z0f XN,XT,4RN,YHT,I )*4.*FUTRL0(Y2fX0 

lltYOl,Z0,XN,XT,ARN,YHT,11 
nwl ( ICP.N, 1 MHI*VINT/3, 
GO    TO    1 

2   DIF = ,636tlS7*ARSIN(Y0n-YHT 
ÜP=YHT*?.*DIF 
[FdlP.GT.l. )UP-2.4(DIF + YHT)-1. 
Dl=(UP-YhT)*.5 
D2=(1.-UP)».5 
R( 1 ) = .2386192 
R(2)=-1.'P{1) 
R< 3) = .66120^4 
«(4)=-l.*P(3> 
P(5)=.932^695 
R(6)=-l.iR(^) 
W(I»=.4679139 
^(2 1=.36076 16 
W(? )=. 171?245 

■: 

■    ... .-.i.-,..- ^■...Mv*rJ±rii*.*.Tl*i-i«,i,^'. .:,. ,..,^.^,.^ ■..-M.^--. I     ■   T t nr' li-  'V-' lfi-1i"l"» iVurtAM i.^v^;^u.^-----^t^*^toa.^vfr 



«)HWJ|»HiPPlH ipwiippiiiffiP^^ 

u AM    IV    f.    Li V'IL       2\ Ü T R L 0 I5ATE    =    7^.266 1 7/3^/18 

< i 

.0 
■ l 
>?. 
>3 

.5 

.7 

•0 

.2 

.3 

P'"1 

Al = 
F ( I 
F ( I 
ri = 
G2 = 
cn 
xi = 
X2 = 
v.l = 
k.2= 
Gl = 

lül, 
G2 = 

101, 
nwi 
CCN 
PET 
END 

^    11=1,6 
«dl) 
n = z i (Ai 
I) -- Z l ( A i 

0. 
3. 
5 
E( 
P( 

!:( 
F« ?- II ) 
GUWl I 1) 
Zü,XN,XT 
G2<-W( I I ) 
ZO,XM,XT 
l ICP,N, I 
TINUt 

11 
2» 
2* 
21' 

= 1 , i 
I 1-1 
1 I ) 
II-l 

,YHT,UP) 
,UP,l.) 

> 

MFUTPLlHXl,X0l,Y0l,Z0,XN,XTfARN,YHT,IP-s-UTPLn(X2,X01,Y 
,ARN,YHT,I)) 
MFUTPLCHWl ,X01,V01,ZO,XN,XT,ARN,YHT, I ) + FUTRL D l W2 , X01 , Y 
,ARN,YHT,I») 
)=(Gl*0l*G2*D2) 

■ i.i^'^;1^^^^^^i<.,:;feyv;ft?ft^lfr^akJi:iAM^tl«iitJ KaiiiadiäaaWAmB^^.M^^^ M&ätdüLii 
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11 
12 
)3 

;5 
)6 
'.7 
)a 
;9 
.0 
. i 
.z 
L3 

.4 

FUN 
IF( 
I M 
IF( 
GH 
IF( 
IK 
CGN 
ETA 
HEN 
Fl = 
P2 = 
PUT 
RET 
FND 

f. TI 
I I . 
I 1 . 
I I . 
TU 
Y.G 
Y.G 
TIN 
= fl^ 
= ET 
<XN 
(XT 
RLO 
URN 

UN 
EQ. 
EQ. 
FQ. 
2 
T.Y 
F..0 
UE 
«SI 
A«F 
-xo 
-xo 

Fi)TmT(Y,XO,YO,Z0,XN,XT,AP,YHfII) 
2)G0 TO I 
I )GS=CnS( l.tj70RM Y-l .)/(YH-l.) )/(YK-i. ) 
3)GS = 3.»CüSU.7l24MY-l. )/(YH-l. ) (/( YH-1. I 

H)GS=COS(I.5 708'Y/YHJ/YH 
. )GS=-2. *CnS(Y-' 3. 1^16» 

N(Y"l.570fl)-Y0 
TA+ZO+ZO 
)/SQRT(<XN-XOI' 
l/SQRTI(XT-XO)■ 
l25-GS«tTA»(Fl- 

(XN-XO)+DEN) 
(XT-XCmOEN) 
F2I/OFN 

-, ..'  ■-. ^.^ii.--— -  ,.i,i. -;.,, i^^^a^h w^^^v^aa.-iM^.W^.r^,..., ^^ir mi^vMHitliBP^^^^'^^^^^^^^iilM^ 
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0" 
RAN    IV   G   LEVf.L       21 MR AD DATE   =   74266 17/33/13 

11 
)2 
)3 
)4 
)S 
16 
17 
)B 
)9 
.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.R 
19 
!0 
;i 
!2 
!3 

FUNCTICN   HPAD(X) 
eüW=-5.125 
STFRN=7.C3l 
Xl=-4.25 
X2=.975 
X3 = 6. 
Rl=.4351 
R2=.8438 
H3=.3 281 
IFCX.LF.XDGO   TO   I 
IF(X,GE.X3>GÜ   TO   2 
A = (Ri + R3-2.*R2)='.f)/(X2-XI)''*2 
B=(RI-R3I/(X1-X3» 
C=R2 
XD=X-X2 
R=A*XDIXD+R*XD+C 
GO   TO   3 
R=R1*S0RT((X-BOWJ/CXl-BOW)) 
GO   TO   3 
R=R3*SQRT{(X-ST£RN)/(X3"STERN)) 
HRAD=R 
RETURN 
END 

^.:Si±-*i*t<eX*&&iKr^i^;.;JL~ •JlÜääüliÜÄB^a giUiti^.-cKli;UL^^^j..^>,»^alLi)m?^^liit>-^i^^^^ 
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RAM     IV L [ V E L I WCT HATE 7426ü 17/33/1R 

I 
2 
3 
'♦ 

5 
6 
7 
8 
q 

0 
1 
? 
3 

5 
6 
7 
8 
9 

■o 
1 
2 

'3 
•4 

DIM 
F !N 
h = , 
HT = 
N ' = 

CP 
R0 = 
El = 
Al = 
E2 = 
E3 = 
XIN 
CO 
Al = 
A2 = 
El = 
F2 = 
XIN 
XIN 
P( J 
X{ J 
RET 
FNIl 

■^UMT I Kr 
ENS 1 IN 
T ( E t F . G 
025"(E- 
(B-I. )/ 

1 J=lfN 
R(J ) 
ASLP(A» 
A + H 
ASI.P( Al 
ASLP m 
T = F I N r { 
2 IJ-2, 
A+I J'H 
Al + H 
ASLPIAl 
ASLP< A2 
T=XINT* 
T = H"HT!« 
♦ n=R(J 
♦1)-X(J 
URN 

WCTU,«,X,R ,N; 
XC^O) ,R(40) 
, l,D) = E/((F-i.-( I 
A) 
N 

l)^n)MF-l.-lI-l)»D»+G*GI**l.5 

) 

FltA,Fü,J,HT)«-4.''FINT(F2,AlfR0,J,rtT);rINT(E3,BfR0iJtHT) 

38,2 

) 
) 
2.uFINT(El,AlfR0,J,HT)+4.*FINT(E2,A2,R0,J,HT) 

XiNT/18.85 
)•*< l.+XINT) 
)1HT 

Üti, ..--.-.^^^.^i^ä^^!^^ 
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(:2< 
P a\j   iv   G   l fVEL      ?1 ASLP DATE 74265 17/33/18 

1 
i? 
'3 
IA 
■5 
'6 
•r 
•a 
19 
o 
i 
2 
3 
4 
■5 
6 
7 
8 
9 

■o 
1 

■2 
■3 

FUNCTICN   ASLP(X) 
8nw=-5.125 
STERN=7.031 
Xl=-4.25 
X2=.375 
Xl = t. 
Rl=.4351 
rt2=.8438 
R3=.3281 
IFIX.LE.XIIGO   TO   I 
IF(X.Gr.X3)G0   Tfl   2 
A=(Rl+R3-2.«R2)-,5/(X2-Xl)**2 
B=(RI-P3)/(X1-X3) 
C = «2 
X0=X-X2 
ASLP = 6.2832*(2.«AvA*XD>'XD*XD+3.*A*P*XD*XD+(R*B+2r 'A«C )* XD+C*B ) 
GO   TÜ   3 

1 ASLP=3.1A16*RI*RI/(XI-80W) 
GO   TU   3 

2 ASLP = 3.l<il6*R3*R3/lX3-STERN) 
3 CONTINUE 

RETURN 
END 

äSäÜÜ 1       ■■,hi'r?%\'ih\-fvy^ 
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4 

u A\  i v l f v- /i nf «Y (■•ATE    =   74266 17/33/18 

'1 
'?. 
13 

5 
if 
i7 

Stl'^rniT INi     Cf--Y(N,H,I- ,QF, I I ) 

DIMFNSIf N   F ( ^ ,40) ,Dt-(3,40) 
(- 1 = 1. / H 
Pf ( tlrNJ=Hl»(P( II ,N)-r{ I I,N-1)) 
[:KII,I) = HIM^(II,2)-F(II?I)) 

N 1 = N-1 
rr  i   I=^,NI 
DFI 11 , I ) = .5*HI'(F ( II , I«-l)-F( I I , I- 
DtTURN 
FNO 

I) ) 

,  -    - ■ lir;    i |-,i--iri-iJrt-ii'.'il'iTf-;-ii-vi''?l'- i.-rr,  i f vv nS.t. IftJ^anaWhYiVittfiittHTamiifj^a^^ 
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iHHWnilHIIWimiiwiimw HL 

RAN   IV   G   LEVFl      21 

:l 
!2 
13 
14 

15 
16 

17 

in 
;q 

ü 
l 
l 

5 
6 

SR DATE   =   74266 17/33/18 

SU^POUTINt    SR(APtyHtNMS»$FtRMJ 
CI^ENS ION SF(5),RMi5l 
hl = .2 
DU 1 1 = 1,NMS 
eP2=-l.*Hl 
ANF=0.*4.«FSK(BP2,YH.I,I)*0. 
ANM=0.*4,*f SM |RP2»YH, I , 2UO. 
DO 2 J=3,9,2 
ePl=-l.♦J*HI 
BP2=-l.*IJ*I)*HI 
aNF = aMF+2.' FSRCHPl , YH, I , l)4-4.ftFS«(BP2,YHt I ,1) 
ANM = ANMt2.«FSW(öPl,YH, I ,2 ) ♦4.-FSR(ßP2,YHf1,2) 
SF<I»=AR»HI*ANF».5236 
RM( I)-- AR-HI*ANM*.261Ö 
RETURN 
END 

.. -.-..  -:■—.— ._. — ..—. ; L. .—■■—.^—J-^- ^-^ ^ ! ■  ■■  ■ ■ • _. ^-^ : .■-:--     -   ■ ■ ■ ■ ■■■ ■ ^_ ; ; I ...__ '■ '■ •■ ■   -^ 
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-? ''lC'y, 

PAN     IV I tVf I 1 rs« DATE    =    7^.266 17/33/18 

11 
12 
13 
14 
15 
16 
•7 
Ifi 
19 
0 
1 

3 

5 
6 
7 

PUNCT UN   FSP(Y,YH,II,IJ) 
!(-( Y.LT.YHJGO   TP   3 
m II . fcU.2 IG'J   TO   1 
IK 11 .t0.l)Gb-SIN(l.S7(^8--( Y-l. ) /(YH-l. ) ) 
I^l H .»:Q.3)GS=SIN(4.7UV*(Y-1. ) /(YH-l. ) ) 
r.L   TU ? 
IHY.GT.YH)GS = Sirm.V'08*Y/YH) 
IF(Y.r,E.0.IGS = -SIN(Y«3.l'tl6) 
GO   TO   2 
fGNTINUE 
GS=SIN(l.6708MY+l.)/(YH+l.)l 
IF( II.FQ.3)GS = SINU.7l2* (Y+U J/(YH+l. M 
CTNTINUE 
IF( IJ.EQ.l»FSB-ÜS«COS(l    6708«kY) 
IF( iJ.fQ.2)FSP = GS*SIN(3.1416*Y) 
RETURN 
END 

ifa^r.-V...   .--.I.     ..        ■ L. --     ■.-^-./■.:v^;...>..-a..^.^^^.-.-t.iJ^^--^J^.^i^Aw^^^ 
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■^AN    IV   G   LPVhL ?1 CONV DATE   =   7-,2ö(. 17/33/18 

i i 

12 
1  "> 

IS 
16 

7 
.fi 
:g 
0 
1 
2 
3 
4 
^ 
6 
7 

9 
0 
I 
2 
3 

5 
6 
7 

9 
9 
0 
I 
2 
3 

5 
ö 
7 

SUHTUT INF    Cl NV{NfH,F,F !,Al,Tl,T?,ANSf I J) 
CIUfc.'SICN   F(3,^0),FI(3,^0),ANS(i,40>,G(40l 
r, j i j = i. 
t l = EXP(Tl»H) 
F2 = 6XP* 12^) 
IF l=-12/(ri»H| 
ie2=-12/(T2*H) 
DO    I    I=2.N 

1 G(I 1 = 0. 
DO   2    1=2,151 

2 G( I ) = (",( I )+Al«Bl*»( I-l) 
CO   3    1 = 2, IF2 
11=1-1 

3 G( I )=G( I) H l.-Al >«E2**( l-U 
ANS( IJ,1M0. 
DO   4   1=2,N 

^   ANS(IJ,n=FniJ,I)-FI(IJ,l)»G(I) 
C CO   FIRiT    INTEGRARI.E    STEP 

ANS(IJ,2l=\NS(IJ,2)-,5*H»(F(IJ,1)-G(2)+F(IJ,2)»G(1)) 
C DO   CASE   UF   EVEN   NUMBER   GF    BASE   POINTS 

DO   5   I=^,N,2 
ANSI IJ,I )=ANSI IJ,I J-.S-'H*!! ( IJ,l)*Gl 1)*F( IJ,2)*G( 1-1) ) 
NP=I 
AM = FI i I. ?)»GI l-l )*4.*Fl IJ,3)»G( I-2)+Fnj,I )*Gl I! 
!F{NP.tC,,4. GO   TO   5 
NE=NP-2 
DO i.   J = '«,NEf<; 

6 AN1=AN1*2.*FI U , J ) *G(I-J k 1 ) <-4 .• F ( I J , J > I ) *Gl I-J ) 
5 ANSI1J,I)=ANSIIJ.I)-H*ANl/3. 

C        DO CA5F OF UDO NUMBER OF BASE POINTS 
DO 8 1=3,^,2 
ANI=F( IJ,I)*G(I »♦4.*Fnj,2»*Gii-mFnj,n»Gm 
IF{ I,e0.3IGC TO 8 
NE=I-2 
DO 9 J*3«MEt2 

9 ANI = AN1*2.=4F| I J , J ! *G( F-J* l)+4 . *F ( IJ , J+1) «GI I - J ) 
8 ANSI IJ, I ) = ANS( IJ,I )-H«ANl/3. 

200 FORMAT! '0' ,2X,'G( 'M2,, » = ' ,E12.4) 
«ETUPN 
FNT 

*eti&j^**^^sjtf^iiai^^ 
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l';V 

SAIL-HULL INTERACTION RESPONSE PROGRAM 

INPUT: I)   Vehicle Geometry 

2) Trailing Vortex Sheet Angle 

3) Exponential Approximations co Circulation 

Response of Sail 

OUTPUT: 1)   Step by Step Forces and Moments on Hull 

due to Unsteady Sail Wake 

. ;, ■■       ■  ■.■•■■■ — _-^ ^. : _ ^ iWi^^^-'&iirrliniinlr^^iitiiVitri^iraWiayilri^ ^^^i^itä^^^^mrJ^vft^i&ii 
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IV G I  K F L F A St ?.,(> MAIN 

1(;8< 
lATF = 7405S l?/4?/3 

150 

A03 

550 

560 

100 
?00 
300 
500 
6C0 

OIMFNS IHAl   VD(^0,? ) , XJ^OJ.^K AG) ,nwT(4ö,40f 3) 
OIMENS IPN   DWn4nf/»0r3) , UF( 3,40),ll^(3fAO) 
niMFN'SIOM   OltFn.AO) ,ni)M( 3f 40) ,rUF( 3f 40) ,CIJM(3,A0) 
RPAClOO.NVPfNMSf N>SDfNX,WHS,W5Li APtTH,BOW,STFRN 
^FAO?00, (VP( I ,1 ) ,[=1 ,NJVP) 

RFAD^OO.(VP(ft?)»1=1,NVP) 
3rAri50fC,T1,T?fA 
'"nRMAT(4El?.4l 
X( 1) = 1 . 
RT{1)=^SL 
CALL    WCT(ROW,STFRN,X,RTfNSn) 
PPINTAOO, (X( I),PT( 1) , I=lfNSD) 
FORM4T('0',2Xf'X=J,E12.AfAXf

1P=',ei2.4) 
HO    1    1=1,NVP 
XO=VP(I, n 
YO=VP(I,2) 
CAIL   UTRLn(XO,YO,THfX,AR,RT,NMStNXfNSD,Ifnwi,RHS,RSL) 
CALL   IIBNf:(XO,YO,THtX,PT,AP,NMS»NX,NSn,I,DWB,RHS,RSL) 
DO   2    1 = 1, NVP 
PRINT300»(0WI( I, J,1),J=1,NX) 
PRrNT3 00,(ni.'B( I,Jfl),J=lfNX) 
CALL    FM(DWl,OWP,NX,N^S,VP,NVn,X,RT,UFfUMJ 

PRINT550 
CÜRMAT( «O«,2X, »HULL    RFSPONSF    TO   UNIT   STEP   OF   CIPCULAT ION• ) 
PRINT500,(X( I),l)F(lf n,IJM( 1, I ), I = ltNX» 
H=X(2J-X(1! 
CALL   OFPY ;NX,H,ur,CLF?1) 

CALL   OFRY(NX,H,IJH,DLHf l) 
ppiNTfoo, (x(n rnuF( i ti»,nuM( if n f I=I,NXI 
CALL   CONVfNX,H,OUF,LFfA,Tl,T2fCUF,U 
CALL   CONV (NX,H,DUMf LM, A,TltT?,CtJMt 1) 
DO   5    1 = 1,NX 
CUFU , I »=CllF(l, I )*3.1416*C 
CUM( I , I ) =CI)M(1,I )*3.1416*C 
PRINT56C 
FORMAT('O',2X,«HULL   RFSPONSE    TO   CIRCULATION 
PRINT5 00.(X( 1) ,Cl F( 1 , I ) fri)M( 1, I ) , [=1,NX) 
F0RMAT(4I5,6P5.3) 
F0R^AT(16F5.3) 
PnRMAT 

OF   SAIL   TRANSIENT» 

' »C ,2Xf 

FOPMATl «OSZX, 
P C P M A ■: ( • 0 • , 2 X v 
STOP 
END 

10F1?.'+) 
,X=• ,E12, 
'X = • ,F12. 

4,2X,'CY^ E12 
4,2x,•ncY/ns= 

, F: i ?. A ) 
,E12.4,2X,'DCN/DS=,,F12.4 

iJii»af^'^^iHtfH^;-J~<^^'&'^m<^^'J~"^^a^^^ •rtiilMVi#t^:^a;;'!^- 
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I   f A 
109' 

11 R N r n A T P   =    l'^^'^ 1 r) M 2 /13 

1 I" 
/I ( 
H = X 
/ v 
x: i 

• i 

ir-( 
XN = 
" TF 
XM = 
;H = 

yr, i 

YHT 

IF( 

l^ ( 
H! = 
Yl = 

I \RN 
on 

n = 
Y? = 
VIN 

1 ,70 
TWn 
in 
TIF 
UP = 
IF ( 

11 = 
02 = 
R(l 
R(? 

"(3 
R (4 
P(5 

W( 1 
w( 2 
W( ? 
nn 
41 = 
F ( I 
P ( I 
11 = 
r,2 = 

.T 

^N 
A, 
j ; 

- ( 
I 
1 
N. 
X( 
= Ö 

M 

= V 
= A 
= A 
T I 
h . 
N. 
Y : 
.i 
VH 

.Y 
1 
Vh 
VI 
Tr 

.X 

(I 
Tf 
"   e 

YH 

UP 

(I 
(I 
) = 
) = 
) = 
) - 
) = 
)^ 

) = 
I = 

II 
I) 

I T I V 
^ UN 

1 - X ( 1 
'-1.) 

x ^ - ) . 
T = 1 ,NJ 
N = I , N 
r T.N-; 

N 1-1. 
T (A' ) 
N ) 
A'TI XH 
P M « T 
C-RSL 

PSIN( 
MJE 
r T. \ s 
r, T . N s 
I . 0 r . 
* (1 .- 
T4HI 
FlIRNO 
HT, I ) 
J=2,R 
T+J^H 
+ HI 
VINT + 
K , APN 
CP^ , 

1 
^3661 
Ti-2.-* 
.GT.l 
P-YHT 
.-UP) 
.2336 
-1 .«R 
.6612 
-l.*P 
.93?A 
-1 .*" 
.467^ 
.3637 
.1711 
11=1, 
I I ) 
= 71 (A 
=: i ( A 

nn-viP« VC, Y J,T ,y,RT t APf NM^.VX^MSC, If".P.nwi3,PHS,PSL ) 
< ( ? )) , -f T ( ? - ) , HWM < A0 t 2'" , 3 ) f R ('. 1 , F ( 6 ) , ^ ( 6 ) , W ( 3 ) 
.s-' (AMf -F) +r tp ) 

) 
• S IN ( T ) 

) •'■rr)< ( T ) 
MS 

) 
P-WHl/(PSL-PHS) 
fAPi-PTE-ARN 

YHl/aPN)*.6366197 

0 )X(N) = y(N-l)+H 
n)XN=XN+H 
YHi ion  rr  2 
YHT ) 

{YHT,XM,Y0l,ZC,XN,ADNtYHT,I)4-A.-'FUBNn(Yl,X0l,Y0l,70, 
vFMRMn( i . ,X0l ,YOl , Z"),XN'? ARN,YHT, f ) 

I 

2. ^FU^^n( Y I , KG1, YC1, 7 0, XN, ARN , YHT y I ) f4.Ari)hMn{ Y2 ,XG1 , 
,YHT,I) 
1 )=HMVIM/3. 

q7»A'?SINl(Y')l )-YHT 
OIF 
.)UP = 2.*(riFfYHT )-l. 
)*.S 
'.5 
192 
( I ) 
D9A 
(3) 
6 9 5 
(5) 
139 
61 f 
2 4'S 
'S 

I ,VHT ,UP) 
1,IIP, 1. ) 

11=1,3 

_^ i i  
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;iO 
[ v   ' i L <" \' I n\r OATF    =    7^3r)8 1 5 M ? m 

< P r F ( ? « I]  1 

«i =F(?*i i-n 

'■1 =0 1 ♦ ■; ( M ) " ( t Mf^- i( x l ,Y j i , YC 1 , 7C, XN!, fiRN, YHT , I ) +FMRNn( x?, VT, , Y:i , 7 
1 , x^ ,i^ M, Yt-'T, ! ) ) 

S     . ^--C *'v{ II C-IFUPMI ( ^ 1 , voi , YC 1 ,70, XN, AON', YHT , I )*.'-i)H\n(w?,xüI ,Y^1 ,7 
I  ,X\,A- -J, VHT , I ) ) 

)w" ! I ft', .\, i ) = ( r I *i;i ♦r;?*n?) 
1    :' • V T 1 N11F 

-'. 11 .^ 

A-^-V^..".^.^..---. ■:i;.'>.'.^i /^-^.J^ft.l^^-A^^^^^xI^LA^feWfc'Aii^^ 
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111' 
IV I   ' ■ 1 1 / '. \' f <*> I 

i'    ■ I .' ..7 )•■■    T"   i 

I - ( U . - ). I K- ^ = S I \ ( 1 . r>; j '^    ( V - l . ) / ( v ' i- ) . ) > 
' ' (  ! I . • ': . 'M ".' = M N ( ', . 7 1 ^'.'  ( V- 1 . ) / ( YM- l . ) ) 

1     ! r t V .r T . Yl' )(". f--<■ I'M l . c: 7i  0'  Y/YM) 
I '   ( v .( - . .'. K",1 ^ -c IN (V    ">,. 1 ^ IM 

7   r  f N T [ M JT 
- r^i =A^ '^ ! N ( Y-- 1 . S 7 .;n ) -V ' 
'>( \ =1  T A ' •  T A t /ij- / > ( XM-X J ) - ( > f -vo ) 
r • in \f! = . i,"-   A■ - ( xN - > '.) - r, s= r r ^ ( l .r- ' 'p ' v ) / o i \ - '• ] .' 
?(Tl|^^ 

toia-ijua,w;-..J..->j;.7^j-^-j!,rti^^—i.--.';-.x . -■;;,.-^„■■-- ..., ....iA.^iA/^aaiy^g^^w^-.-^.-i- :—: -tiaVAiiai A.-^^^te.,^-^^;^.^käi^^^^^t^i^^ 
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F V    r, 1       oE L F A Sf    ? .0 UTRLO DATF    =    7^058 1 "5/4?/^^ 

■   I 

SUB «CUT INF   UTRLDJXOfYO,T,X,AR,PT,NMS,NX ,NSD, IC^nwi iRHS.oSL) 
DIMENSnN   X(20),PT(2C),DWiU0,20,3l,R(6),E(6l,F(6),W(3» 
71(A,B,C)=.5*(A*(r-E)+C+R) 
H=X(2)-X( 1 ) 
zoMxc-i. )*s iN(r) 
xoi=(xo-i.)*cns(T) 
nn   i   I=I,MMS 

on   1   N=2,NX 
IF(N.GT.NSDIGO   TC   6 
XN=X(N)-1. 
XC=X(N)-.5*H 
XT=XN-H 
RTCMRT (N) fRT(N-l) )*.5 
RHC=HRAn{XC» 
ARN = AR*( (RTC-^HO/JRSL-RHS) J 
Y0I=Y3-RSlfARtRTC-ARN 
VH1=APN-RTC + RHC. 
YHT=ARSIN(YHl/ARN)*.6366197 

J CONTINUE 
lP(N.nT.NSO>X(N»=X(N-IH-H 
IF(N.GT.NS0)XN=XN*H 
TF( N.r,T,NSü)XT=XT + H 
IffYOl.CF.YHl)G0 TO 2 
HI=.l*(l.-YHT) 
Yl=VHT+Hr 
VINT = FUTPLn(YHT,X0l,Y01,7D,XN,XT,ARN,YHT,n+4.*FinRLD(Yl,X01,Y0l,Z 

10,XNtXT ,ARN,YHT, 1 )+Fl)TRLn( I . ,X0l,Y0l,Z0,XN, XT,ARNJ,YHTf I ) 
DO   3   J=2,8,2 
Yl = YHT<-J*HI 
Y2-yi*Hl 

1   VINT = VINTf2.*PUTRLD(YlfX01tY01,,"'1;,XN,XT,ARN,YHT,I)+4.*FIITRLD(Y?,XG 
ll,Y01,ZO,XN,XT,ARN,YHT,I) 

DWI (ICP.fv, I )=Hl*VINT/3. 
GO   TO    I 

!   niF = .6366197*ARSIN(Y0l)-YKT 
UP^YHTf?.*OIF 
IFfUP.GT.l,»UP=2.*IDIF*YHT1-1. 
ni=(UP-YhT)*.5 
n2=(I.-UP»*.5 
R{ I 1^.2386192 
R(2»=-l.*R(I) 
R(3)=.661239A 
R(4)=-i.«R(3) 
R(5)=.9324695 
R(6J=-l.*R(5) 
W( 1 ) = .4679139 
W(2)=.3607616 
W(3 l = . 1713245 
OP   4    11=1,6 
AI = R( r 11 
E( I I )=Zl(Al,YHT,UP) 
F(I D-ZI (Al ,IIP,1 . ) 
G 1 = C . 

----v''    'i  ^''i  - i-'-riYti^iiriW^iJaATiiiiif frlffc*"'!! i^^i^w^^^^tfff^ig^^ 
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F V   r, i      P t- l E a s F 

J. a" 

UTRLO DATF   =    7^35^ l5/4?/?3 

r,?= 
rn 
xi = 
X2 = 
wi = 
w?= 
ni = 

i Ji, 
5   G2 = 

101 , 
nwi 

1   CiN 
RFT 
FNO 

0. 
5 I 1 = 1 
F( ?MI 
E(?*I1 
F(?*-I I 
F(?*i r 
Gl+W( I 
ZC.XN, 
G?+W(I 
ZO.XN, 
( I C P , N 
TINUF 
URN 

,? 
-1) 
I 
-1 ) 
) 

I mR.ITRLrm, X01 ,Y0 1,Z0, XNrXT.ARN, YHT, I H-FllTRLn(X2,X0l,Y 
XT, ARN.YHT ,T) ) 

I )*(FUTRLC(V»1 ,XCl »YDl ,ZC,XN,XT,ARN,YHT, n+FUTRLC(W?,XOl,Y 
XT,AnN,YHT,I)) 

.1 > = (Gl*m*-G2*D2) 

^■^i-f.UrfrMi-s^ü^ifM'.Hvi^^*'^^^^ 
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iJ-4i' 

(V   Gl fLFASB   ?.0 FUTRLP DATF   =    74058 15/42/33 

FUNCTinN   FUTRLO(Y»XC,Y0I70.XNIXT,ARtYH,II) 
IF( t I .F0.2 IGC   TO   I 
IF( ii.Eo.nr,s=r.nsu .5708*(Y-I.»/(YH-I.J )/( YH-I.) 

IF(II.F0.3)GS=3.*CCS(4.7124*(Y-l.)/|YH-l.»S/(YH-l.) 
GO   TO    ? 
IF(Y.GT.YH»GS=C0S(1.5 708*Y/YH)/YH 
IFtY.GE.O.)GS=-2.♦CCS(Y*3.1*16) 
CONT IMJF 
ETA = aP*SIN(Y'!Il.5708)-Y0 
DEN=FTA*FTA+ZÜ*ZO 
f:I = (XN-XO)/SOKT( ( XN-XO)*( XN-XOUDENI 
F1?=(XT-XO)/SORT( (XT-XO)*(XT-XO)+nEN) 
PnTRL0=-.l?5*GS*ETA*(Fl-F2)/DEN 
RETURN 
END 

,-^..^..-^»a-a-J^^kJo^.-..^.-^\i^^^ii;^^^^^iä.^.Ht.-»i'i^  "tf^S  ^a^^^w-*«^.»^>^^a»^^..^:W.-^^^ 
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11 

1 15< 
IV   C\      U eI f A F F   ?.r TM )ATF 74 TSR 1 5/^2/T3 

SMPRCm INF    FM{ ()WI ,[: 
01 "ENS I IN   OWM 40.20 

1,UM(3,?C) 
niMFNSnN   4F(?0)iaM 
HIrVP(?,I)-VPl1,1) 
n>0    1    1^1,NVP 
xa=vp(1,1) 
AF( I )=ASLP(XA) 

AM( I )=AF( I )*XA 
m    3    K=L,NM<:i 

F [NT)    T = T+    RES PTN 
Si)>/F = nwR( 1 , 1 ,K |*AF( 
SU^f=PWR(1 ,1 ,K ) *aM{ 

NFND=NVP-2 
CO   2    I=3,NENn,? 
5i|MF = SUMF *? .*DWR ( I , 
Si|Mf = SUMM+7. *nwR ( I , 
UfMK, 1 ) = SUMF*HI/3. 
UM(K,1)=SUMM*HI/3. 

FIND   PESPONSF   W/ 
On   3    1=2,NSD 
SlJMF = SUMF + (nwB( 1,1, 
SüMF=SUMF*4.*(DWB( 2 
SUMP=SUMF+(DWB(NVP, 
SUMf=SUMM*(OWB(l»I. 
5l)MM=SUMM4-4. *(nwP(2 
Sl.JKM = SUMMt (DWBINVP, 
DO   4   J=3fNENn,2 

Si)MF = SüMF+2 .*(OWP( J 
Si)MF = S(JMF*4.*(0WP( J 
SUK^=S(JMM + 2.*(DWF( J 
SUMy=SUMM+4.*(DWR(J 
UF (K, I > = SUMF*HI/3. 
ltM(K, I ) = SIIMM*HI/3. 
RFTUPN 
END 

WP,NS",NWS,VP,NVP.X,RT,UF,UMJ 

, 3) .nwB(«,0,20, 3). VP(AO»?).X(?0) ,RT(2D) ,I'F{3,?C) 

(20) 

SF 
lU' 
1 )♦■< 

,<^WP(2,l,K)t=AF(?)4■^WH(^)VP,l,K|*AF(^VP| 
*OWB( 2,l,K)*aM(2)+|iwB(NVP,l,K)>i=AM(NVP) 

l,K)*fiF(II+4.*DWB(I*l,l»K)*AF(I+n 
l,K)vAM(I)+4.*nWB(I+l,l,K)*Ay(I+l) 

, I,K )-nwB(J, I-l,K )+DWI( J, I ,K) )'»AF( J) 
vl,I.K)-CWB(Jtl,I,K)tDWMJfl,I,KI »*AF(J + 1 ) 
,I,K)-DWB(J,1-1,K)*DWI(J.I.K)|*AM(J) 
+ 1,1 ,K)-OWB( J*l, I ,K)+DWI { J4-1, ItK)l*AM( J+l) 

^^^^.^..VüC^^^^^M^^ 
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j. i.ty 

IV   Gl     RFLfcASf   2.0 HRÄD DATE   =   74050 15/4?/33 

FUNCTrrN   HRADCX) 
P<OW = -5.125 
STEPN=7.0625 
Xl=-A.25 
X2=.875 
X3 = 6. 
Rl=.4351 
R2=.8^.38 
R3=.3?31 
rF( X.LE.XHGC) TO 
IF(X.GE.X3!GO TO 
A=CP1+R3-2.*P2)*.5/(X2-X1)**2 
B=(R1-R3)/{X1-X3) 
C = P2 
XD=X-X2 
R=A«xn*XDtR*XD+C 
GC TC 3 
R=R1*SQRT((X-B0W)/(X1-B0W)) 
GO TO 3 
R=P3*SORT((X-STERN)/(X3-STFRN)I 
HRAD=P 
RETURN 
END 

:^^,:,^^.^J..v,^i^-^^^^w/bifc^ut^^i^--a4tk^a<^^ 
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1 i- i 
IV   G 1      u i L F A <: r v,r T riATP 7^.058 \f>/t*2/l-l 

JUHPCIlTINF    WfTCA.n^.P.N1) 
niMFNSInN   X(71) ,R(?C) 

FINT(Ff FiGt I.n)=F/( (F-l .-( I-l)*n)*(F-l.-( I-n«n)«-G»GI**l.5 
H=.C?';*(P-A) 
HT=(.-,-l. )/N 
Nl=N*l 

DO   1    J=l,N1 
P0=R(J) 
Fl = aSL P(* I 
Al = a + H 

F?=ASLP(A 1 ) 
F3=ASLP(P) 
XINf=FINT(Fl,A,R0,J,HT»*4.*FINT(F?,Al,P0,J,HT)+FfNT(E3,B,R0,J,hT) 
DC   2    IJ=2,38,2 
AI=AtIJ*H 
A2=ai+H 
F l = ASL P(Al ) 
F ? = A S I P ( A 2 ) 

XINT=xINT*-2.*FINT(F 1,A1 ,P0 ,J,Hr ) + 4.*FINT(F2,A2,R0, J.HT) 
XiNTrhOHTÄXrN'T/IB.SS 
R( Jf 1 >=R ( J)*( I .♦XIM) 
X( JM) = X( J)+HT 
RETURN 
END 

^^.^■.^^.^^.^i^^^-~t.<i-<^^^^^^ 
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':V^'?!^^wt?K*^W-'?i™r?vv^J.'r?+X??^ 

lib- 
FV   Gl      RFLFASE    /.0 ftSLP OATF 7^058 l5/4?/33 

F-UNCTION   &SLP(X) 
B0W=-5.125 
STFBN=7.C625 
X 1 = -'. . 2 5 
X2=.87b 

Rl= .A351 
P2=.8^38 
R3=.3281 
IF(X.LF.Xl)GO   TO    1 
IF( X.GF .X3)r,0   TO   2 
A=(RH-R3-2.*R?)*.5/(X2-X1)**2 
B=(R1-P3)/(X1-X3) 
.:^R2 
XD=X-X2 
ASLP = 6.2 83 2*(2.*4*A«XD*XD*XD*3.*A*R*X0*xn+(B*B*-2.*A*C)*XD«-C*t  ) 
GO   TC   3 

1 ASLP = 3.lM6*Rl*Rl/( Xl-BQH) 
GO   TO   3 

2 ASLP = 3. lA16*R3*R3/(X3-STERN) 
3 CONTINUE 

RFTURN 
END 

-■,^.^.^w.~,y^^^^#^^Maua^^  ■iiiiiiiiiifiiilirir'riifüt 
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11 S- 
IV r, 1  P M r A s F ?. o HFPV rair  =   v^oss is/A?/n 

SU^^HUTIMF TFRY(N,HfF.np, I I ) 
TT VCNS I '■^ c (^,40) tCF (^,^0) 
HI = l./H 
nF( I I ,N )=HI*{F ( I 1 ,NJ )-F ( 11 ,N- 1 ) I 
OFMI ,1 )=HI«(F ( I I ,? )-F ( I I , 1 ) ) 
N1=N-1 
m   I I=?,N1 
OF( 11 , I l = .5*HI*(F| I I , UI)-F ( I I , I 

RE TURN 
FNO 

1 ) ) 

ii 

h 

i ' 

iiii.,..i.r'.^ij-jii;«j.;ai:^*.',-i*£ '"■"-^ ^ '""• "-'- "■ ^^ " —J'--••'■"■'- '^ ' ■ • -'- -J •:--^^-^: ■.^^^-^ii^.r.^v..-..: w .,..^-.^-^."•^'•^-|^Ti|M-|f[,ütt',-|■! f-^i^^^i^^^^y,Ai[-,^^^i|^«^..^^»^--r.l.^-^^,^^Vi^.^ 
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IV   r, 1      PFlbASF    2.0 f CNV 

120< 
HATE    =   74058 1 ^M2/33 

9 
8 

200 

SDPRCUT 
DIMENSI 
G ( ! ) = I . 
Fl=FXP( 
F2=EXP( 
IF 1 = -12 
IE2=-12 
nn i i = 
r, ( I ) = o. 
on 2 i = 
r,( I )=G( 
OP   3    1 = 
ii=r-i 
r,< i i = G( 
ANS (u, 
0041 = 
ANS(IJ, 

on F 
ANS(IJ, 

CO c 
■■IO 5 1 = 
ANSIIJ, 
NP= I 
AN1=F(I 
IFINP.E 
\E=KP-? 
on 6 J = 
ANI=AN1 
ANSIIJ, 

no c 
oo a i = 
ANl=F( I 
I'M I .FO 
NE--I-2 
00 9 J = 
ANl=ANl 
ANSIIJ, 
FORVAT( 
RETURN 
END 

INF C0NVIN,H,F,FI,Al,Tl,1 2,ANS,I J) 
ON F 13,40),FI(3,40),ANS13,A0? ,G(AO) 

T1*H) 
T?*H) 
/ITI*H) 
/ IT?*H) 
2,N 

2,IPl 
I)^A1*EI**I1-1) 
?, !E2 

I )♦! l.-AU*E2**I I-ll 
I 1=0. 
2,N 
I)=FI I IJ,I )-FII IJ, I}*G(I) 
IRST INTEGRÄELF STEP 
2)=ANSlIJ,2)-.5*H*IF(IJ,l)*G(2)tF(IJ,2l*Gll)) 
ASE OF FVEN NUMPFR OF BASE POINTS 
4,N,2 
I ) = ANSnJ,I )-.^*H*(FI I J.l )*G( n*F( I J,2)*G« 1-1) ) 

J,7)*Gn-l)«-4.*F( IJ,3)*&(I-2)*Fl IJ, I )^G(1 ) 
0.4)Gn TO 5 

4,Nl-,2 
+ 2.*Fnj,J)*G( I-Jtl)*4.*F (I J, J+1)*GI I-J) 
I ) = ÄNS( IJ,I)-H*ANl/3. 
ASE OF 000 NLMBER OF BASF POINTS 
3,N,2 
J,I )*Gn J+^.+FI ij,2)*Gn-i)*F( ij, i )*Gm 
.3»GH T0 F 

3,NE,2 
♦?.*F(IJ,J)*G!i-J*l)*4.*F(IJ,J*l)*G(I-J) 
I)=ANS(IJ,I)-H*ANl/3. 
•O-,2X,'Gl',12,• ) = • ,F12.4 ) 

ii^^A^M\Vy«^tf.iafrW<&^^VT^lAUrtV'«^^ .~ir^üfSHfi^*y^^'^s^*i^i^ 


